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Genetic diversity of North American popcorn and its relationship with Mexican and South 
American popcorns 
Amalio Santacruz-Varela 
Co-Major Professors: Mark P. Widrlechner and Ricardo J. Salvador 
Iowa State University 
To determine the genetic diversity and relationships among representative popcorns of 
the New World, 56 accessions coming from the United States and nine Latin American 
countries, were characterized for 29 morphological traits, 18 isozyme loci and 31 simple 
sequence repeat (SSR) loci. Means, ranges, standard deviations and within-plot variances 
were estimated from morphological data, whereas, for molecular markers, expected 
heterozygosity, number of alleles per locus, proportion of polymorphic loci and F-statistics 
were estimated to determine genetic diversity and population structure. Principal component, 
cluster and discriminant analyses were performed using standardized morphological data and 
allelic frequencies from isozyme and SSR loci, to elucidate potential patterns of grouping 
O 
among accessions, according to their geographical and historical relationships. Results of the 
three lines of evidence indicate that popcorn accessions from the United States have reduced 
genetic diversity in comparison with their counterparts of Latin America; however, genetic 
variability in the North American popcorns is not uniformly distributed, being the Yellow, 
pearl-type group of popcorns the least genetically diverse, followed by the Pointed and Early 
groups of popcorn. Three groups of popcorn, with distinctive morphological characteristics 
and genetic profiles, were identified in the North American populations. The first group 
includes the yellow, pearl-type varieties, which are currently the most important for 
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commercial production. This group could be derived from introductions of the race Curagua 
from Chile into New England in the 19th century. The second group includes the pointed, 
rice-type varieties, which probably originated from the complex of traditional races of 
pointed popcorns from Latin America, such as Palomero Toluqueno, Confite Puntiagudo, 
Canguil and Pisankalla, which diffused from the highlands of central Mexico into northern 
Mexico and then into southwestern United States. The third group includes the early, short-
statured varieties, which have marked influence of Northern Flint maize, from which they 
probably acquired earliness, and probably they also have influence from maize of 
northwestern Mexico and even from early European varieties of popcorn introduced in the 
19th century. It is proposed that the groups of popcorn identified in this study can be equated 
to the category of races. 
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PROLOGUE 
Maize, in general, possesses an extraordinary amount of variability as a result of the 
interaction between nature and man that cooperatively have developed a multiplicity of 
populations adapted to different environments (Hallauer and Miranda, 1982). 
Popcorn, in particular, is an ancient type of maize. In the remains of prehistoric 
civilizations in Mexico and South America, pottery utensils for popping com are frequently 
uncovered, and in the actual remains of specimens, popcorn predominates over other types of 
maize. 
Mangelsdorf (1950) hypothesizes that ancient people first discovered that com was a 
useful source of food when kernels were accidentally exposed to fire provoking the popping 
of the small, glume-covered endosperm, transforming the hard kernels into tender, tasty and 
nutritious pieces of food, so that, popping expansion was, almost certainly, a decisive 
characteristic that encouraged man toward the domestication of maize. As additional 
evidence, teosinte, the most likely ancestor of modem maize, possesses a substantial popping 
expansion capacity (Cuevas et al. 1997). 
The center of origin of popcorn probably is in South and Mesoamerica, where 
numerous evidences have been found; but its relationship with other groups of maize is still 
under discussion (Ziegler, 2001), and there are only a few studies published about the genetic 
diversity of popcorns of the New World and their genetic and historic relationships (Kantety 
et ai, 1995; Senior et al., 1998). 
The purpose of this study is to evaluate the genetic diversity of the North American 
popcorn and to analyze the degree of relatedness to other popcorns cultivated in Mexico and 
South America by using both morphological characters and molecular markers. This kind of 
study could be useful in several ways: it will provide data to categorize germplasm of 
popcorn into groups of affinity that could serve as a guide toward better use of available 
germplasm in popcorn breeding, to elucidate a possible origin of the North American 
popcorn. 
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PREHISTORIC MAIZE AND HISTORY OF NORTH AMERICAN POPCORN 
Early Findings of Prehistoric Maize and the Possible Role of Popping in 
Domestication 
Popcorn is believed to be one of the oldest types of maize. Most of the early specimens 
of prehistoric maize found in a wide range of archaeological sites in the New World, 
including both South and North America, have been identified as popcorn. Also, diverse 
utensils used for popping have been recovered from archaeological sites (Anderson and 
Cutler, 1950). Primitive maize had hard, small kernels, so that ancient people, with no 
sophisticated tools, must have had difficulties using it before varieties with softer kernels 
were developed, so it has been inferred that people most likely consumed com by eating it as 
a green vegetable, sprouting it for beverages or popping it with heat (Anderson, 1947). 
Mangelsdorf (1950) hypothesized that ancient people first discovered that com was a useful 
food when kernels were accidentally exposed to fire, popping the small, glume-covered 
endosperm, transforming the hard kernels into tender, tasty and nutritious pieces of food, so 
that popping expansion was, almost certainly, a decisive characteristic that encouraged man 
toward the domestication of maize. As additional evidence, teosinte, the most likely ancestor 
of modem maize, possesses a substantial popping expansion capacity (Cuevas S. et al. 1997). 
As a complement of the aforementioned, a series of archaeological findings have 
reinforced the concept that popcorn is one of the oldest types of maize. Excavations in the 
late 1980s provided the earliest direct evidence of use of maize at Olmec sites on the Gulf 
Coastal Plain in Mexico, between ca. 2250 and 200 B.C. Maize kernels and cupules from 
early and late La Venta deposits have been identified as belonging to a small 10 to 14 rowed 
popcorn with a morphology similar to that of modem Argentine popcorn (Rust and Leyden, 
1994). 
In 1949, Richard Mac Neish excavated La Perra Cave in eastern Tamaulipas, Mexico 
and found remains of maize, bean and other plants. The maize specimens, dated 2500 B.C., 
were identified as related to Nal-Tel, a Mexican popcorn race with primitive characteristics, 
which also has been found in the excavations of Tehuacân (MacNeish, 1964; Mangelsdorf et 
al, 1964). 
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Alexander et al. (1977) analyzed a collection of specimens of maize coming from an 
archaeological site from the north central coast of Peru, dated at 4800 years old, and, based 
on comparative morphology, concluded that the specimens could be assigned to the Peruvian 
popcorn race Confite Morocho. 
Several specimens of maize, dated ca. A.D. 100, have been recovered from 
archaeological sites in northern Chile, Some of the oldest specimens corresponded to the 
modern popcorn race Polulo, which is closely related to the Peruvian popcorn race Confite 
Morocho. Other specimens resembled the race Chutucuno Chico, a small yellow popcorn 
with large cobs, related to the Peruvian popcorn race Confite Puntiagudo. The rest of the 
specimens were related to Capio Chico, a non-popcom race (Mangelsdorf and Pollard, 1975). 
In the United States, Hebert Dick and Earle Smith found the oldest remains of maize in 
1948 in the Bat Cave in New Mexico. The remains, dated as 5600 years old, were also 
determined to be popcorn (Mangelsdorf et al., 1964), and in his opinion, the cobs of the 
oldest Bat Cave maize remains were related to the race Chapalote; additionally, the oldest 
kernels had a brown pericarp, and Chapalote is the only modern Mexican race with brown 
pericarp. Chapalote has also been retrieved from other archaeological sites in Arizona, Utah, 
Colorado, Nebraska, Oklahoma and Texas (Mangelsdorf, 1974). 
Archaeological findings are abundant and, as shown in the cited examples, they have 
consistently pointed toward popcorn as one of the oldest types of maize used by man. 
The Migration Routes of Maize to the United States 
Sânchez-Gonzâlez (1994) hypothesized that there were three main routes of migration 
for the various races of maize from Mesoamerica into the United States. The first one 
includes the group of races native to the highlands of central Mexico, such as Palomero 
Toluqueho, Cônico and Cônico Norteno. These types of maize constitute a distinct racial 
group with conical ears and pointed kernels cultivated at relatively high elevations in central 
Mexico (Goodman and Brown, 1988). From there they dispersed first into the northern plains 
of Mexico and then to the south and southwestern United States. Palomero Toluqueno is a 
race that was probably involved in the formation of the North American pointed popcorns 
(Mangelsdorf, 1974). The movements of germplasm should have been extremely slow 
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because of environmental gradients that play key roles in adaptation such as the increasing 
length of daylight and the decreasing elevation from the highlands of central Mexico toward 
southern United States and the Great Plains. Furthermore, the vast, almost unsettled arid 
regions of Arizona, New Mexico and Texas acted as a barrier preventing com from easily 
migrating toward the north or west (Smith, 1999). 
Ford (1985) hypothesized that the first introductions of maize into lands now 
constituting the modem United States, occurred in southwestern New Mexico and 
southeastern Arizona from western Mexico about 3000 years ago, and later maize was 
transported eastward following a corridor through the southern plains. 
A second racial maize complex, with long, narrow ears, typically from northwestern 
Mexico, includes races such as Chapalote, Reventador, Harinoso de Ocho, Tabloncillo and 
even Bolita, which despite its southern distribution, shares isozyme and chromosome knob 
similarities to maize of northwestern Mexico. This racial complex is the most similar to the 
Indian com of southwestern United States and diffused through the Pacific coast toward the 
United States. This route was very important for maize in the United States, because there are 
evidences that the Northern Flints are related to races of the southwestern United States and 
northern Mexico, such as the complex Chapalote-Maiz de Ocho. This situation is supported 
by isozymatic studies carried out by Doebley et al (1986), who indicated a probable origin 
of Northern Flints from maize of Northwestern Mexico and Southwestern United States, 
although Northern Flints have undergone a high degree of differentiation during their 
relatively short evolutionary history. The migration route of maize from northwestern 
Mexico to the southwestern United States is supported by findings of archaeological remains 
of races such as Maiz de Ocho, Chapalote, Reventador and Onaveno from excavations in 
New Mexico, Arizona and Utah (Adams, 1994). 
Sânchez-Gonzâlez (1994) proposed a third route of migration of maize along the 
Mexican eastern coast, mainly involving the race Tuxpeno. In this case, the germplasm 
migrated northward following the eastern Coastal Plains through the present day states of 
Veracruz and Tamaulipas into Texas and the southeastern United States. 
The introgression of maize continued in post-Columbian times. In colonial times, the 
Spanish introduced several varieties, such as the popcorn Cristalino de Chihuahua and 
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possibly a highland dent, into the United States (Ford, 1985). Additionally in the Caribbean 
countries the Spanish and other groups freely exchanged germplasm between the islands and 
the mainland, so they introduced some races, such as Tusôn and Cuban Flint, the former with 
excellent characteristics and combining ability (Goodman and Brown, 1988). Unfortunately 
there are no clear relationships between the Caribbean races of maize and the North 
American popcorn; the types of popcorn existent in the West Indies, White Pop and Yellow 
Pop, are known to be of relatively recent introduction into the region from the United States 
(Brown, 1960). 
Another possible source of germplasm into the North American popcorns is constituted 
by popcorn varieties introduced from Europe in the 19lh century; however, that event is 
poorly documented. Sturtevant (1899) mentioned the European origin of some popcorn 
varieties cultivated at that time, for example Golden from France and some white and purple 
versions of Dwarf Golden, from Italy. 
Latin American Popcorns, Possible Relationships and their Influence on Popcorns 
and other Types of Maize of the United States 
There are many races of popcorn in the New World, and most of them have been 
described as ancient races in their countries of origin. Many representative races of popcorn 
in Latin America are described in a series of publications sponsored by the National 
Academy of Sciences and the National Research Council in the 1950s and early 1960s. 
In Mexico, popcorn races Palomero Toluqueno, Chapalote, Arrocillo Amarillo and 
Nal-Tel were categorized by Wellhausen et al. (1951) as ancient indigenous races, the 
earliest group of maize in the country, but other, more recently derived popcorn races, such 
as Reventador, Cristalino de Chihuahua and Palomero de Chihuahua are also important. 
Anderson (1947) described two general types of Mexican popcorn: Palomero 
Toluqueno and Chapalote. Palomero Toluqueno is an ancient type of maize grown by pre-
Columbian groups in the central highlands; it is a strange looking popcorn by North 
American standards, having wide leaves, a shallow root system and a thick, robust tassel. 
Chapalote, on the other hand, grown in the west of Mexico, from Sonora to Jalisco has a 
totally different kind of plant morphology. It has tall, attractive plants with long tassels and 
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narrow leaves, practically the opposite extreme of the little, rice-kemeled popcorn Palomero 
Toluqueno. 
Nal-Tel is another Mexican popcorn closely related to Chapalote. Originally it could be 
distinguished from Chapalote only by its orange pericarp color (orange in Nal-Tel and brown 
in Chapalote). According to Mangelsdorf (1974), Nal-Tel moved westward from Tehuacan 
Valley into Yucatan and Campeche and southward into Guatemala, whereas Chapalote 
moved westward and northward, where the Reventador race was later derived from it 
(Wellhausen, et al. 1952). 
Popcorns have been described in other Latin American countries: in Peru, Grobman et 
al. (1961) described a group called "primitive races" of maize, including Confite Morocho, 
Confite Puntiagudo, Kculli, Confite Puneno and Enano. In Bolivia, the race Pisankalla is the 
most representative of the popcorns, although there are others such as Enano and Cateto 
(Ramirez et al., 1960). Canguil is the most representative race of Ecuador (Timothy et al., 
1963) and is very similar to Pisankalla in Bolovia. Colombia is also an important region of 
diversity for popcorn, and some of the most important races are Polio, Pira, Pira Naranja and 
Imbricado (Roberts et ai, 1957). Zeven and de Wet (1982) mentioned that Polio and Pira in 
Colombia are ancient popcorn races and the former, which often segregates plants with a 
morphology resembling teosinte, is likely related to the Peruvian Confite Morocho. Sevilla 
(1994) stated that the popcorn race Confite Morocho is the most ancient race in South 
America. He also noted that Confite Puntiagudo has some characteristics resembling 
Palomero Toluqueno and Arrocillo Amarillo, such as pubescence on the leaves and stalks, 
relatively high number of tillers and sparsely branched tassels. 
In Chile, Timothy et al. (1961) mentioned Polulo, Curagua and Curagua Grande as 
important popcorn races. The group of Catetos is a group of flint corns with the capacity to 
pop and produce flakes; their distribution is in the lowland areas of Brazil, Argentina and 
Uruguay. The Guarani popcorns such as Avati Pichingâ and Avati Pichingâ Ihû are also 
important popcorns grown in Brazil (Patemiani and Goodman, 1977). 
The existence of exchanges between human groups of Mesoamerica and South America 
in pre-Columbian times is well documented. It was achieved through both maritime and 
terrestrial contacts, the former being more important because of terrestrial natural barriers 
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such as the extremely abrupt mountains and dense vegetation in Costa Rica and Panama that 
made transportation through the continent very difficult (Melgar-Tisoc, 2001). These 
contacts allowed the exchange of germplasm between the two subcontinents as is evidenced 
in many instances by the similarity between the types of maize cultivated in both regions. 
Eubanks (1999) found that some South American races of maize, such as Confite Puntiagudo 
and Canguil, are represented on Zapotec urns, and the Mexican race Chapalote is represented 
on Moche jars, indicative of interactions between groups in western Mexico and northern 
Peru and Ecuador. 
Palomero Toluqueno has similar counterparts in several countries. The Bolivian 
Pisankalla is very similar morphologically to the Mexican pointed popcorn Palomero 
Toluqueno. The word "Pisankalla" and variants of it are used in countries such as Peru, 
Bolivia, Ecuador and Argentina for designating the pointed popcorn (Mangelsdorf, 1974). 
Palomero Toluquefio is likely related to races of South American pointed popcorns, including 
Imbricado from Colombia, Confite Puntiagudo from Peru, Canguil from Ecuador and 
Pisankalla from Bolivia (Sânchez-Gonzâlez, 1994). 
Galinat and Gunnerson (1963) proposed that a pre-Chapalote, Maiz de Ocho and 
possibly teosinte constitute important sources of germplasm for North American com. After 
they arrived in the southwestern United States, they were dispersed eastward via river valleys 
where Maiz de Ocho and Chapalote recombined to originate Northern Flints. In the 
southwest, the intermixing of different germplasms resulted in the Pima-Papago com. 
Wagner (1994) noted that, in the central and southern United States maize remains 
recovered from archaeological sites, the earliest of these dated at about 2400-2000 B.C., are 
related to Chapalote and Reventador having a slender ear with row number around 12 and 
cigar-shaped cob on a small shank, small kernels with a flint or pop endosperm. 
Some types of popcorn grown in the United States have characteristics of Palomero 
Toluqueno; for example, Tom Thumb has sparsely branched tassels and pilose leaf sheaths; 
the rice types have pointed and imbricated kernels; and Japanese Hulless has all these 
characteristics (Mangelsdorf, 1974). In the opinion of Anderson (1947), Palomero Toluqueno 
and related Mexican popcorn varieties are one of the sources of the Japanese Hulless 
popcorns in the United States, because they have most of the peculiar growth habits of these 
8 
rice Mexican popcorns and may have been derived from them through a process of 
hybridization and selection. 
Popcorn in the United States 
History and diversity 
By the time Columbus arrived in the New World, many types of com, including 
popcorn, had extended to several Native American tribes. Many North American Indian 
tribes used popcorn in various ways as food, decorations and in religious ceremonies. Early 
French explorers traveling through the Great Lakes region around 1612 found that the 
Iroquois Native American people popped popcorn using heated sand and made use of it in 
many ways (Popcorn Board, 2000). Smith (1999) presented a compilation of evidences about 
the use of parched and popped com by Native Americans in Canada and the United States, 
and pointed out the almost total absence of evidence of popcorn in eastern North America; 
and even west of the Mississippi, the evidences of popcorn are not particularly abundant, but 
they are in the southwest, where popcorn was cultivated in ancient times. 
Early United States settlers from Europe may also have known and used popcorn, 
(Eldredge and Lyerly, 1946). popcorn increased in importance during colonial times, such 
that, by the mid 19th Century, it was a popular snack food (Pollak and White. 1995). 
Incipient identification of popcorn varieties started by the middle of the I9lh century, 
when some varieties such as Blue Pop, Yellow Pop, White Pop and Ladyfinger were first 
mentioned, and Smith (1999) cited the 1875 American Cyclopedia as it reported that "several 
varieties are known as pop-corn, of which there are white and yellow kinds, those with 
kernels pointed at the ends, and others with the grain of the ordinary shape". 
Sturtevant (1899) described a group of 25 popcorn varieties in the United States late in 
the 19th century, and grouped them into three subgroups, according to their kernel shape. 
Only one variety, Nonpareil, was included into the first subgroup, which had "kernels 
broader than deep" white in color. The second subgroup, with kernels "as broad as deep", 
had nine varieties, including Small Pearl, Golden, Black Pop, Negro Pop, Silver Laced, 
Egyptian Joint, Miniature, Mapledale Prolific and Dwarf Golden. This subgroup had pearl-
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type kernels and different colors such as white, yellow and black, with some specimens of 
Golden coming from France and some of Egyptian Joint coming from Brazil. The third 
subgroup, with kernels "deeper than broad" included 15 varieties, subdivided in turn into 
those with "kernels not beaked, shallow rounded at butt" (Pearl, Blue Pearl, Lemon Pearl, 
Red Pearl, Queen Golden and White's Variegated) and with "kernels beaked, deeply rounded 
at butt" (California, Rice Pop, White's White Rice, Amber Rice, Blush Rice, Page Stripped 
Rice, Red Rice, Yellow Rice and Bear Foot); colors were varied, including white, yellow, 
blue, red and pinkish. 
During the last two decades of the 19th Century, popcorn underwent important growth 
as a crop in the United States. It was no longer grown only in gardens, but became an 
authentic commercial industry. By 1912, there were 7,700 hectares of popcorn under 
commercial production (Pollak and White, 1995). 
Eldredge and Lyerly (1946) mention Japanese Hulless, White Rice, Queen's Golden. 
Yellow Pearl, South American, Superb, Spanish and Tom Thumb as the most important 
varieties in the early times of commercial popcorn production. Thus, those populations 
formed the pool of germplasm sources for the development of modern commercial hybrids. 
By 1925, White Rice was the most important popcorn variety, although others such as 
Queen's Golden and Japanese Hulless were also used in commercial production. A few years 
later, Queen's Golden was replaced by South American, Supergold and Yellow Pearl 
(Ziegler, 2001). 
The first commercial hybrid of popcorn was released in 1934 in Minnesota and 
consisted of a single cross of two closely related inbred lines derived from Japanese Hulless. 
The first popcorn hybrids for the central U.S. Com Belt were developed early in the 1940s 
and, by the late 1940s, open pollinated varieties had been replaced by those hybrids (Ziegler, 
2001). Some varieties, including Supergold, South American, Amber Pearl, Ohio Yellow, 
White Rice and Japanese Hulless, have proven to be very useful as germplasm sources of 
inbreds for hybrid development. In contrast, there are other populations, such as Queen's 
Golden, Yellow Pearl, Spanish, Strawberry, Argentine, Tom Thumb, Ladyfinger and Red 
with little to no contribution to current hybrids; however, they are important as reservoirs of 
genes for special traits (Ziegler, 2001). 
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Current situation 
Today most commercial popcorn production of popcorn in the United States is in the 
Com Belt region, including Nebraska, Indiana and Illinois as the major producing states, 
although Iowa, Kansas, Missouri and Ohio are also significant producers (Ziegler, 1994). 
Except for two periods of relative stability, popcorn production and consumption have 
grown significantly during the last 40 years. That growth has often been associated with the 
consumption of other products, such as beverages, or the emergence of new methods of 
cooking, for example microwave popcorn in the 1980s (Ziegler, 2001). 
Data from The Popcorn Board (personal communication received through Kenneth 
Ziegler) indicated that in 2000, 85,317 hectares were planted to popcorn, a decrease from the 
100,271 hectares planted in 1999. Total production in 2000 was 399,404,311 kg. The states 
with the largest area planted to popcorn were those located in the Com Belt region; Indiana, 
Nebraska, Illinois, Ohio and Iowa, represented nearly 90% of the total area planted to 
popcorn in the United States. 
The popcorn industry in the United States has changed almost completely from open 
pollinated varieties to hybrids because they offer higher yields, standability, improved 
popping expansion and uniformity. Numerous brand names exist in the market and the 
election of a hybrid should be according to the maturity characteristics, which should fit the 
environment of the targeted area. 
Patterns of genetic diversity in popcorn 
Popcorn is a generic name given to all types of maize having kernels that explode and 
produce flakes in response to heating. With such a simple restriction, a large amount of 
diversity is expected when comprehensive characterizations are performed, and, in fact, 
popcorn shows a considerable amount of variability when populations from diverse origins 
are compared (Ziegler, 2001). 
Goodman and Brown (1988) mentioned that some groups of com of the United States 
such as sweet corns and popcorns have been excluded so far from studies toward a racial 
classification of maize in the United States. Despite its diversity, popcorn in the United States 
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has received little study in relation to its systematic classification, and most of the past 
attempts have used only morphological characteristics. 
Eldredge and Lyerly (1946) proposed a classification of popcorn varieties from the 
United States into three groups, based on the kernel and ear types: Rice, Pearl and Japanese 
Hulless, the Rice type possessing sharp pointed kernels, the Pearl type having short, thick 
and rounded kernels, and Japanese Hulless possessing long, slender white, shoepeg type 
kernels with either a pointed or a rounded crown and ears that are relatively short and thick. 
Some of the most notable morphological characteristics of popcorn are the kernel color 
and shape, since they are associated with market preferences. Although yellow and white are 
the most common colors in commercial popcorn in the United States, other colors such as 
black and red are marketed in a minor scale (Ziegler, 2001 ). 
Despite the shortage of basic studies, popcorn breeders have been able to identify 
groups of populations to establish heterotic groups, based on hybrid grain yield. Currently, 
three heterotic groups are in common use: South American, Supergold and Amber Pearl 
(Kenneth Ziegler, personal communication). 
A few studies applying molecular markers to popcorn to determine genetic diversity 
and variability in the United States have been published. Ziegler (2001) reported that Kahler 
examined 43 popcorn inbred lines for 19 isozyme loci.. Senior et al. (1998) used 70 SSR 
primers to determine genetic relationships among 94 maize inbreds. They detected a group of 
unique alleles mainly found in popcorn inbreds, which grouped into a single cluster, probably 
because the popcorns evaluated represented restricted diversity, since most of the popcorns 
belonged to the Supergold group. 
One of the most detailed studies of molecular markers in popcorn was performed by 
Kantety et al. (1995). They used ten primers of inter-simple sequence repeats for the 
detection of polymorphisms among eight dent com and nineteen popcorn inbred lines. 
Molecular markers were able to distinguish dent com from popcorn populations, and to 
further discern three distinct groups within the popcorn lines, corresponding to the heterotic 
groups currently used by popcorn breeders. 
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EVALUATION OF GENETIC DIVERSITY IN MAIZE 
Nature of Genetic Diversity 
Diversity is a lack of homogeneity. It implies variation and unevenness. Genetic 
diversity is produced as a consequence of the complex dynamics of populations. In nature, 
Hardy-Weinberg equilibrium is rarely achieved for several reasons; first, actual populations 
have a finite size, so that, the frequency of alleles in one generation differs by chance from 
the frequency in the parental zygotes; second, few populations are completely isolated from 
others of the same species, so, there is always a possibility of migration of genes among 
them; third, individual plants are always subject to selection; and fourth, the effect of 
mutations on populations, because mutations, though rare, play a fundamental role in genetic 
diversity (Lawrence and Marshall, 1997). 
In living organisms, genetic diversity constitutes the base for evolution, since it is the 
raw material on which natural selection has acted to create the vast array of organisms in 
existence. In addition, over thousands of years, artificial selection, based on this genetic 
diversity, has produced our important crop plants with desirable characteristics (Kresovich 
and McFerson, 1992). The importance of genetic diversity is not only historic; today genetic 
diversity provides a degree of security for the farmer against pests, diseases and 
environmental stresses. It also helps small-scale farmers maximize production in highly 
variable environments in which they often cultivate their crops. (Cooper et al. 1992). 
Parameters for the Quantification of Genetic Diversity 
In higher organisms, the genome contains many thousands of genes (Lewin, 1997), 
therefore, to determine the exact amount of genetic variability, it would be necessary to study 
all pertinent loci. In practice this is impossible, so, only a small portion of genes are sampled 
to estimate the global genetic variability. 
Genetic diversity within populations can be evaluated by using different parameters. 
Nei (1987) described the following as the most common parameters for evaluation: 
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Proportion of polymorphic loci 
This is a parameter commonly used when the examination is performed over a large 
number of loci. Usually, a locus is considered polymorphic if the frequency of the most 
common alleles is equal to or less than 0.99; however, this limit is arbitrary and similar 
values such as 0.95 or 0.995 can be taken as reference (Nei, 1987). It is important to consider 
this threshold when comparing among different studies. 
Number of alleles per locus 
Some authors, such as Nevo (1978), have used the number of alleles per locus as a 
measure of genetic variability. This parameter is expected to be larger when the extent of 
polymorphism is high; however, it has a great disadvantage as a general measure of genetic 
variability, because the number of observed alleles heavily depends on sample size, so that 
comparisons of this quantity between different studies can be misleading unless sample size 
is approximately the same. Sample size is critical because there are often many alleles with 
low frequency, and the number of observed alleles can increases rapidly with increasing 
sample size (Nei, 1987). 
Heterozygosity or Gene Diversity 
Gene diversity, for a single locus, is defined as the probability that two parental 
individuals taken at random from a population will have different alleles at that locus; that 
can be equated to the expected heterozygosity under Hardy-Weinberg equilibrium. When 
many loci are evaluated, the average heterozygosity over the group of loci sampled is 
estimated (Nei, 1978). This parameter is unconnected to the actual genotype frequencies, so 
it is intended to be a measure of the degree of allelic variation, rather than a measure of the 
frequency of hétérozygotes, except in a population under Hardy-Weinberg equilibrium (Nei, 
1973a). 
F-Statistics 
The concept of F-statistics was developed by Wright (1943, 1965), and reanalyzed by 
Nei (1977). F-statistics can be conceptualized as a measure of the correlation of alleles within 
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individuals and are an extension of the inbreeding coefficients, which represent the 
magnitude of the nonrandom association of alleles within an individual. In such a way, F-
statistics describe the amount of inbreeding-like effects in a hierarchical approach, within 
subpopulations Fis, among subpopulations Fst, and within the entire population Fit. They are 
calculated using comparisons between observed and expected heterozygosities under the 
assumption of Hardy-Weinberg equilibrium, at the different levels of hierarchy. 
The initial expression of F-statistics introduced by Wright (1943), was: 
1-Fit = (1-Fis) (1-F$T) (U 
Where Fit and Fis represent the correlation between the two gametes producing a new 
individual in relation to the total population and to the subpopulations respectively; and Fst 
represents the correlation between two gametes taken at random from each subpopulation 
and measures the degree of genetic differentiation of subpopulations (Nei, 1977). 
Expression (1) presents some problems because it is necessary to know the pedigrees of 
individuals between and within subpopulations in order to express the values of F-statistics in 
terms of probabilities. Nei (1977) introduced a different approach to study genetic 
differentiation of populations by using gene frequencies in the present generation, through 
comparisons between expected and observed heterozygosities, in other words. Fit and F,s are 
based on the deviation of genotype frequencies from Hardy-Weinberg proportions in the total 
population and in the subpopulations, so that F-statistics can be applied to any situation 
whether there is selection or not. 
The concept of genetic distance 
Genetic diversity has led living organisms toward genetic divergence. In this sense, 
genetic distance is the quantifiable extent of genetic differences among populations or 
species (Nei, 1987). 
Genetic distance parameters have advantages and disadvantages in relation to various 
statistical and genetic properties, such as metricity, inherent sampling errors and computer 
requirements (Rogers, 1986). Metricity is a desirable property of distance functions, and a 
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distance between x and y is considered a metric if it meets the following four properties, as 
described by Pitts (1972): 
i) D(x, >>) > 0 for all x and y 
ii) D(x, y) = 0 if and only if x = y 
iii) D(.r, >') = D(y, .r) for all x and >' 
iv) D(jc, y) < D(x, z) + D(y, z) for all x, y and z [triangle inequality] 
Some of the most commonly used genetic distance parameters are Nei's minimum 
genetic distance (Nei, 1972), standard genetic distance (Nei, 1973b) and maximum genetic 
distance (Nei, 1987). According to Nei (1987), the minimum genetic distance is a measure of 
the minimum number of codon differences per locus, computing the probability that two 
alleles (one from each population) are different, which implies that at least one codon is 
different between them. One disadvantage of the minimum distance is that its components 
are the proportion of different genes between two randomly chosen genomes, so that, the 
distance may be underestimated when the number of codon differences is large (Nei, 1987). 
On the other hand, concerning maximum distance, Nei (1987) pointed out that, in practice, it 
is subject to large sampling errors, which inflate the estimate of the mean codon differences, 
so that, the maximum distance can be an overestimation (called for this reason the maximum 
genetic distance); however, in comparisons among local races within a species the 
differences among the minimum, the standard and the maximum distances are small and all 
of them give similar conclusions about the genetic divergence of populations (Nei, 1987). 
Other common distances are Rogers's distance in its original version (Rogers, 1972) or 
as modified by Wright (1978), as well as Cavalli-Sforza and Edwards's genetic distance 
either in its original form (Cavalli-Sforza and Edwards, 1967) or with modifications to 
account for multilocus distances (Rogers, 1986). 
Rogers's distance, as opposed to Nei's distance, has the advantage that it is a metric; 
however it has a defect in that it only takes a value of 1.0 if the two populations being 
compared are fixed for alternate alleles, and if one or both populations are polymorphic, they 
have a distance less than 1.0, even if they have no alleles in common. Neither the Nei's 
distances (standard and maximum) nor the Cavalli-Sforza and Edwards's genetic distance 
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have this shortcoming; however, the Nei's standard and maximum distances have the 
peculiarity that estimates of distance between two populations with no alleles in common are 
infinite. 
Sources of Information for Evaluating Genetic Diversity in Maize 
Traditional approaches 
Classical methods describing patterns of diversity among groups of plants have relied 
on morphological characters; however, it must be recognized that the use of morphological 
characters is an indirect method of measuring genetic diversity and that environment 
influences plant morphology. It is also clear that performance in some traits is more strongly 
affected by the environment than in others. Because of these factors, it is possible to describe 
different patterns of variation by analyzing morphological data collected in different 
environments using the same genotypes (Newbury and Ford-Lloyd, 1997). Thus, traits to be 
evaluated must be carefully selected for having two characteristics; first, they should reflect 
true genetic differences between groups and second, they should exhibit stable expression 
across environments (Doebley, 1994). Despite the disadvantages, morphological character 
analysis has had ample use in the analysis of diversity in crop plants because it generally 
requires neither sophisticated equipment nor elaborate procedures. Generally, morphological 
traits can be scored regardless of their mechanism of inheritance (Bretting and Widrlechner, 
1995). 
Some important studies using morphological traits have been carried out in maize, such 
as the initial classification of Mexican populations into races (Wellhausen et ai 1952), and 
similar studies in maize of Central and South America (Wellhausen et al., 1957; Roberts et 
al., 1957; Ramirez et al., 1960; Grobman et al., 1961 ; Timothy et al., 1961 ; Grant et ai, 
1963; Timothy et ai, 1963; Paterniani and Goodman, 1977). 
Cytogenetic traits are another type of marker heavily used for characterization of 
germplasm in the last few decades, but to a lesser extent today. The most common 
cytogenetic traits used are chromosome number and chromosomal morphology, because they 
are highly heritable (Bretting and Widrlechner, 1995); however, other characteristics of the 
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chromosomes, for example, size, position of the centromere and presence of knobs can be 
evaluated (Dyer, 1979). In maize, an extensive investigation was carried out by McClintock 
et al. (1981) using these types of characters to study the chromosomic constitution of maize 
races from Mexico and Central America, including characteristics, such as abnormal 
chromosome 10, B chromosomes and the position and sizes of chromosomal knobs. 
Dyer (1979) noted that, although the preparative protocols are relatively simple and 
inexpensive, these kinds of observations necessitate specialized and often expensive 
microscopic equipment. Moreover, the accurate interpretation of certain karyotypic features 
requires considerable training, practical experience and sometimes advanced knowledge of 
cytogenetics. 
Recent technologies 
Molecular markers, including isozymes and DNA-based markers, have been steadily 
gaining acceptance as a source for determining genetic diversity. Molecular markers have 
certain advantages over other marker types in that they are not generally affected by the 
environment under which the plants develop, and they are often selectively neutral, therefore, 
they evolve mostly as a result of mutations, resulting in an approximately linear change over 
time (Doebley, 1994). 
Bretting and Widrlechner (1995) reviewed the broad application of proteins, and 
especially isozymes as genetic markers and presented some of their advantages, such as 
frequent polymorphism, codominant, Mendelian inheritance, simple and inexpensive assay, 
and their ubiquitous presence in all plant tissues. It should be noted, however, that a change 
in DNA does not necessarily result in a change in amino acid sequence because the genetic 
code is redundant, that is, in many cases a single amino acid can be produced by two or three 
synonymous codons (Lewin, 1997). According to Kresovich and McFerson (1992), 
electrophoretic analysis of proteins suffer certain limitations, such as lack of diversity within 
some species, low number of loci resolved, poor resolution compared to other molecular 
techniques and posttranslational modification of proteins. Newbury and Ford-Lloyd (1997) 
noted that the major constraint is the limited number of enzymes for which reliable staining 
protocols can be formulated. 
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Despite these limitations, isozymes have proven extremely useful in reveling systematic 
relationships among many groups of maize populations (Marcon and Heidrich-Sobrinho, 
1982; Goodman and Stuber, 1983b; Doebley et al., 1986; Doebley et al., 1988; Lamy et al., 
1994; Sanchez G. et al., 2000). 
DNA-based markers have certain advantageous over isozymes, because the genotype is 
directly explored, reducing some complications inherent to protein analysis, such as 
undetectable mutations and posttranslational modifications (Bretting and Widrlechner. 1995). 
Restriction fragment length polymorphisms, or RFLPs, are detected by the use of 
restriction enzymes that cut genomic DNA at specific nucleotide sequences, or restriction 
sites, producing DNA fragments that vary in size when there is variation in the location of 
restriction sites. RFLPs are outstanding DNA-based markers because they are ubiquitous 
throughout plant tissues and throughout the genome, both in coding and non-coding regions; 
they are highly heritable, relatively highly polymorphic and codominantly inherited. The 
advantages of RFLPs in studying maize and other species have been demonstrated in several 
studies (Lee et al., 1989; Miller and Tanksley, 1990; Debreuil et al. 1996; Autrique et al. 
1996; Smith et ai, 1997; Debreuil and Charcosset, 1998); however this technique has been 
very labor intensive and difficult to automate. 
The introduction of the Polymerase Chain Reaction (PCR) in the 1980s revolutionized 
the study of DNA. PCR-based assays are generally much less expensive and reveal greater 
amounts of polymorphisms than RFLPs (Staub et al., 1996). 
Random amplified polymorphic DNA, or RAPD analysis, is a PCR-based technique 
that uses arbitrary sequences as primers for amplification of genomic regions that serve as 
molecular markers (Williams, 1990). This technique has some advantages; it is a fast method 
for detecting polymorphism and supplying data for diversity estimations. The RAPD 
technique is relatively easy to work with, does not use radioactive substances, requires 
smaller quantities of DNA than RFLPs do, and no a priori information on the DNA sequence 
is required (Demeke et al. 1997). It does however, have some disadvantages. It produces 
generally dominant markers, leading to less accurate estimation of genetic parameters, 
because dominant homozygotes cannot be differentiated from hétérozygotes (Newsbury and 
Ford-Lloyd, 1997). Perhaps the most serious disadvantage is its sensitivity to changes in PCR 
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conditions, leading to a frequent lack of reproducibility. Parental bands sometimes fail to 
follow predicted inheritance patterns in their progeny, while other times, unpredicted, non-
parental bands are produced (Demeke et al. 1997). 
Recently, another type of PCR-based marker has become popular; it is known as 
variable number of tandem repeats (VNTRs), and according to the length of their motifs (or 
core units). They are called minisatellites when the core units vary in length from 11 to 60 
base pairs (Jeffreys et al., 1985) or microsatellites when the core units have 2 to 5 nucleotides 
(Litt and Luty, 1989). VNTRs yield markers at specific loci, and because of the 
hypervariability of the lengths of the repeats, they provide an efficient method for the 
detection of polymorphisms. Microsatellite sequences, also called Simple Sequence Repeats 
(SSRs) are generally more useful than minisatellite, because many minisatellites are too long 
to allow amplification given current technology, and they are not spread as evenly throughout 
the genome as are microsatellites (Newbury and Ford-Lloyd, 1997). In maize (AG)n and 
(AC)n microsatellites occur at a frequency of one repeat every 800 and 1300 kb. respectively 
(Taramino and Tingey, 1996). Maize microsatellites are codominant, multiallelic and highly 
informative markers, and once developed, they are less expensive to assay and easier to use 
than are RFLPs. Moreover, today there is a growing body of public information about the 
primer sequences, so that the physical transfer of probes among laboratories, required for 
RFLPs, is no longer necessary (Chin et al., 1996). 
The efficiency of microsatellite loci for the study of genetic diversity and classification 
in maize has been validated by many authors (Gonzâlez-Ugalde, 1997; Smith et al., 1997; 
Pejic et ai, 1998; Senior et ai, 1998; Bernardo et al.. 200; Xinhai et al., 2000). 
Amplified fragment length polymorphisms, or AFLPs have been used in maize to a 
lesser extent in relation to the previously described methodologies. This technique produces 
highly complex DNA profiles by arbitrary amplification of restriction fragments ligated to 
double-stranded adaptors with hemi-specific primers harboring adaptor-complementary 5' 
termini, so it is based on selective amplification of restriction enzyme-digested DNA 
fragments, where multiple bands (50 -100) are generated in each amplification reaction 
resulting in DNA markers of random origin (Vos et ai, 1995). 
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Several authors have used AFLPs for evaluating genetic diversity in maize and, 
although they have perceived some advantages such as the capability of multiplexing and the 
potential for automation, they have observed that the level of polymorphism is not as high as 
it is in RFLPs and SSRs (Pejic et al., 1998; Ajmone-Marsan et al., 1998; Vuvlsteke et al., 
2000). 
Scientists continue to search for new molecular markers, and several marker types 
have been proposed as having some potential utility. Inter-simple sequence repeat (ISSR) is a 
novel technique involving anchoring of designed primers to a subset of SSRs and amplify the 
region between two closely spaced SSRs; it was first used by Zietkiewicz et al. (1994), who 
demonstrated the hypervariable nature of ISSR markers, and since then it has gained 
acceptance, and pertinent to this topic it is worthwhile to mention the study of Kantety et al. 
(1995) in dent and popcorn. Staub et al. (1996) described the sequence characterized 
amplified regions (SCARs) as an extension of the RAPD technique where a desired RAPD 
marker can be targeted by sequencing its termini and designing longer primers for specific 
amplification; cleaved amplified polymorphic sequences (CAPs) (Akopyanz et al., 1992), 
and allele-specific associated primers (ASAPs) (Gu et al., 1995) use modifications of the 
PCR technology in an effort to generate new types of markers. Reisch (2000) referred to the 
potential use of expressed sequence tags (ESTs), as molecular markers; whereas Casa et al. 
(2001) proposed the use of a recently described family of miniature inverted terminal repeat 
transposable elements (MITEs), called Heartbreaker. as useful markers for genotyping and 
studying relationships in maize, because this type of transposable element is highly 
polymorphic and evidently evenly distributed throughout the maize genome. 
Comparisons of Methods 
Before the development of molecular markers, morphological descriptors were widely 
used to elucidate genetic relationships among groups of maize; however, recently they have 
been gradually replaced or complemented with other types of markers, allowing some 
comparisons. Sanchez G. et al. (2000) performed an extensive isozymatic evaluation of a 
broad range of Mexican maize populations and found, generally, a good agreement between 
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their results and the racial classification proposed by Wellhausen et al. (1952) based 
exclusively on morphology. 
Similarly, Anderson and Brown (1952) proposed, based on morphological 
characteristics and historical analysis, that the Corn Belt Dent maize of the United States 
originated through hybridization between Northern Flints and Southern Dents, which was 
later confirmed by Doebley et al. (1988) by using isozymes, demonstrating correspondence 
between morphology and isozymes. 
McClintock et al. (1981) surveyed races of maize from Mexico and Central America in 
relation to cytogenetic characteristics and found that karyotypic patterns were related to the 
Mexican and Central American races of maize as classified morphologically by Wellhausen 
et al. (1952) and Wellhausen et al. (1957), respectively. That situation was further clarified 
by Bretting and Goodman (1989), who applied multivariate statistical techniques to the 
karyotypic information generated by McClintock et al. (1981), refining the relationships 
among Mesoamerican maize races. 
Several comparisons of various molecular markers and their relative efficiency can be 
made based on information from literature. Regarding allelic richness, the typical number of 
alleles found in isozyme loci is not particularly high, for example, Smith et al. (1985) found 
an average of 2.52 alleles per locus in 57 widely used inbred lines, whereas Doebley et al. 
(1988) found an average of 2.43 in 42 inbred lines from Corn Belt maize. Similarly. Gerdes 
and Tracy (1994) detected an average of 2.22 alleles per locus in a group of 31 sweet com 
inbreds, and Gonzâlez-Ugalde (1997) detected between 1.65 and 2.75 alleles per locus for 
different groups of maize from the United States. However, in maize from southwestern 
United States Doebley et al. (1983) found an average of 4.27 alleles per locus in a group of 
45 accessions. Those figures seem to be low when they are compared to the alleles detected 
using DNA-based markers. Pejic et al. (1998) observed 4.8,2.0,6.8 and 2.0 alleles per locus 
for RFLP, RAPD, SSR and AFLP markers, respectively, evaluated over 33 U.S. inbred lines. 
It has been demonstrated that microsatellites give greater heterozygosity than do RFLPs 
in maize, even though levels of polymorphism of RFLPs in maize are higher than in many 
other species (Taramino and Tingey, 1996). Debreuil and Charcosset (1998) concluded that 
information from RFLPs seems to be more appropriate than was information from isozymes 
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in the classification of European and North American maize, because the latter did not 
distinguish varieties from the two different geographic origins and produced more inaccurate 
classification among North American accessions. 
Gerdes and Tracy (1994) classified inbred lines of sweet corn using morphology, 
isozymes and RFLPs and concluded that it is better to use several lines of evidence 
simultaneously, since in some cases RFLPs failed to detect polymorphisms in some 
genotypes while in other inbreds the same situation was true with isozymes. 
Organization of the Information 
When there is a consistent group of descriptors from either morphological characters or 
molecular markers for a number of individuals in each population, there are several statistical 
techniques to convert the raw results into interprétable information, in order to examine the 
relationships among populations. These relationships can be revealed in several ways, such 
as by cluster analysis, discriminant analysis and principal component analysis (Newsbury and 
Ford-Lloyd, 1997). For cluster analysis, a measure of similarity or genetic distance between 
pairs of populations is used, followed by the sorting of the similarity values by using various 
clustering algorithms such as unweighted pair-group arithmetic averaging (UPMGA) (Sneath 
and Sokal, 1973), to obtain a dendrogram. Dendrograms represent relationships among all 
the populations studied in only two dimensions. UPGMA is a phenetic procedure that 
assumes constant rates of evolution for all the populations under study, an assumption that is 
not always valid, so it is advisable to consider alternative clustering algorithms that do not 
require such assumption, such as the Neighbor-Joining method (Saitou and Nei, 1987). 
Discriminant analysis is another widely used method for classification (Huberty, 1994). 
The purpose of discriminant analysis is to assign distinct sets of items to one or several 
groups based on a set of measurements. The method allocates new items to previously 
defined groups by finding discriminant functions that minimize the chance of 
misclassification (Crossa et al., 1995). 
A final common technique is principal component analysis (Jollife, 1986). It 
summarizes multidimensional data by creating a low-dimensional space in which similar 
items are close together and dissimilar items are further apart. This technique involves the 
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use of a similarity matrix among items created by either the covariance or the correlation 
matrix. The main function is to explain variance with a linear combination of the original 
variables, represent points from many dimensions by fewer lower dimensions, and facilitate 
interpretation of the existing patterns, without losing significant proportions of variance 
(Crossa et al., 1995). 
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OBJECTIVES 
Description of the Present Study 
The overall objective of this study was to assess patterns of the genetic variation of 
representative populations of popcorn from the New World. Based on three lines of evidence, 
morphological characterization, isozyme markers and DNA-based markers, a comparative 
study of representative popcorn populations from the United States and a group of 
representative populations from Mexico and South America was conducted, in order to detect 
possible genetic relationships among them, the potential patterns of those relationships and 
the overall degree of interpopulational differentiation. 
Specific Objectives 
More specifically, research was conducted to accomplish four explicit objectives: 
1. To describe parameters of genetic variation among groups of accessions from 
different regions and cultures in the New World, as well as to describe the variation 
within accessions for each of those groups. 
2. To categorize popcorn populations into similar groups, unified by comparable 
patterns in the morphology and allelic frequency of selected molecular markers. 
3. To establish possible associations among populations or groups of populations from 
the United States and those from Mexico and South America, based on similarities in 
morphology, isozymes and DNA polymorphisms. 
4. To evaluate the degree of congruence among three different lines of evidence and the 
effectiveness of a combined analysis as the basis of phenetic analyses. 
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Specific Hypotheses to Test 
Directly related to the objectives of this study, four hypothesis were tested: 
1. There is broad genetic variation among and within the different popcorn populations 
studied and that genetic variation is more extensive in the populations native to 
Mexico and South America than in the U.S. populations. 
2. Genetic variation is not arbitrary among popcorn populations, but instead follows 
defined patterns, which facilitate the categorization of popcorn populations into 
defined groups, consistent with their geographic origin, history of cultivation and 
breeding status. 
3. Certain popcorn populations from North America have a similar genetic makeup in 
relation to Latin American popcorn populations, providing preliminary evidence 
about the origin of popcorn in North America. 
4. Genetic characterization based on molecular markers produces more congruent and 
reliable results in relation to geographic and evolutionary history than morphological 
characterization does. 
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MATERIALS AND METHODS 
Morphological Characterization 
In 1998 and 1999, morphological characterization was conducted on a group of 
popcorn accessions cultivated at the farm of the North Central Regional Plant Introduction 
Station (NCRPIS) in Ames, LA. In 1998, 144 accessions of popcorn: 74 from the United 
States, 14 from Argentina, 6 from Bolivia, 7 from Brazil, 9 from Chile, 5 from Colombia, I 
from Ecuador, 2 from Europe, 15 from Mexico, 2 from Paraguay, 7 from Peru and 2 from 
Uruguay (Table 1) were characterized. These accessions were supplied by the NCRPIS, the 
Popcorn Breeding Program of Iowa State University through Kenneth Ziegler, the 
Committee for Agricultural Development of Iowa State University, and the McHone Popcorn 
Seed Company, in Ames, LA. 
For the first year, accessions were planted by using a mechanical planter on May 21, 
1998. A 12 x 12 square lattice design was used, with two replications. The experimental unit 
consisted of a 2-row plot with a length of 7.5 m spaced 0.9 m apart. Seeds were planted 15 
cm apart and 5 cm deep, then rows were thinned to allow a spacing of approximately 30 cm 
between plants. 
The second year of morphological data collection was established on May 26, 1999, 
using a subset of 56 accessions from those evaluated in 1998 (Table 2). These accessions 
were selected to avoid some excessively late varieties, unable to produce ears under the 
conditions of the experimental site, and also eliminate redundant entries, contaminated seed 
lots or accessions misidentified as popcorn in the passport data, while at the same time, 
preserving the most representative groups of popcorn from both the United States and Latin 
America (more details about the accessions characterized in 1999 are provided in Appendix 
B). The experimental design used was a randomized complete block design with two 
replications, following the same methodology and specifications as in 1998, as well as the 
same dimensions of the experimental units. 
Table 3 shows the morphological characters measured on ten competitive plants per 
accession each year. Five plants from each replication were chosen and marked early in the 
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Table 1. Accessions of popcorn morphologically characterized in 1998. 
Entry Name PI 
Number 
Country Comments' 
1 Pisingallo PI-162575 Argentina No Race 
2 White Pearl Popcorn PI-186206 Argentina No Race 
3 Calchaqui (Amarelo) NSL-6547 Argentina Race Calchaqui 
4 Argentina Group 2 PI-490808 Argentina Race Cateto Sulino 
5 ARZM 13 073 PI-492781 Argentina Race Perla Mediano 
6 ARZM 04 014 PI-491812 Argentina Race Perlita 
7 ARZM 05 046 PI-491930 Argentina Race Perlita 
8 ARZM 06 036 PI-492040 Argentina Race Perlita 
9 ARZM 07 121 PI-492212 Argentina Race Perlita 
10 ARZM05 054 PI-491938 Argentina Race Pisingallo 
11 ARZM 06 060 PI-492064 Argentina Race Pisingallo 
12 ARZM 06 073 PI-492073 Argentina Race Pisingallo 
13 ARZM 12 045 PI-492599 Argentina Race Pisingallo 
14 ARZM 13 125 PI-492818 Argentina Race Pisingallo 
15 No. 1 PI-240318 Bolivia Possibly Race Pisankalla 
16 No. 2 PI-240319 Bolivia Possibly Race Pisankalla 
17 No. 3 PI-240320 Bolivia Possibly Race Pisankalla 
18 No. 4 PI-240321 Bolivia Possibly Race Pisankalla 
19 No. 9 PI-240326 Bolivia Possibly Race Pisankalla 
20 No. 11 PI-240328 Bolivia Possibly Race Pisankalla 
21 No. 13 PI-240330 Bolivia Possibly Race Pisankalla 
22 Brazil 2829 PI-498470 Brazil Race Avati Pichinga Ihu 
23 Brazil 2785 PI-490813 Brazil Race Avati Pichinga 
24 Brazil 2799 PI-490814 Brazil Race Avati Pichinga 
25 Brazil 2771 PI-503888 Brazil Race Avati Pichinga 
26 Brazil 2823 PI-503889 Brazil Race Avati Pichinga 
27 Cristal NSL-6549 Brazil Race Cristal 
28 Cuarentino NSL-6538 Brazil Race Cuarenton 
29 PG No. 10 PI-303850 Chile Possibly Race Curagua 
30 PG No. 11 PI-303851 Chile Possibly Race Curagua 
31 Chile 303 PI-485412 Chile Race Curagua Grande 
32 Chile 305 PI-485413 Chile Race Curagua Grande 
33 CH ZM 07 097 PI-477471 Chile Race Curagua 
34 CH ZM 08 010 PI-485624 Chile Race Curagua 
35 Chile 301 PI-485410 Chile Race Curagua 
36 CH ZM 05 016 PI-467166 Chile Race Pisankalla 
37 CH ZM 08 060 PI-485638 Chile Race Pisankalla 
38 Boyaca 406 PI-444125 Colombia Race Imbricado 
39 Narino 369 PI-445082 Colombia Race Pira Naranja 
40 Narino 521 PI-445163 Colombia Race Pira Naranja 
41 Boyaca 462 PI-444165 Colombia Race Pira 
1 Information from the passport data from the Germplam Resources Information Network (GRIN). 
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Table 1. (continued). 
Entry Name PI 
Number 
Country Comments 
42 Santander S. 356 PI-445401 Colombia Race Pira 
43 W-C 990 PI-390562 Ecuador Possibly Race Canguil 
44 Quarantine di Lauria PI-433713 Europe No Race 
45 Perla Blanca PI-279014 Europe No Race 
46 Puebla 94 PI-484600 Mexico Race Arrocillo Amarillo 
47 Puebla 125 PI-515409 Mexico Race Arrocillo Amarillo 
48 Arrocillo Amarillo NSL-2838 Mexico Race Arrocillo Amarillo 
49 Z02-008 PI-503574 Mexico Race Chapalote 
50 Chapalote NSL-2833 Mexico Race Chapalote 
51 Maiz Chapalote PI-217409 Mexico Race Chapalote 
52 Chihuahua 219 PI-484481 Mexico Race Cristalino de Chihuahua 
53 Chihuahua 129 PI-484404 Mexico Race Cristalino de Chihuahua 
54 Durango 176 PI-484534 Mexico Race Cristalino de Chihuahua 
55 Chihuahua 150 PI-484424 Mexico Race Palomero Toluqueno 
56 Benz 889 Ames-19962 Mexico Race Palomero Toluqueno 
57 Palomero Toluqueno NSL-2824 Mexico Race Palomero Toluqueno 
58 Guanajuato 96 PI-484682 Mexico Race Reventador 
59 Nayarit 49 PI-511576 Mexico Race Reventador 
60 Maiz Reventador PI-420244 Mexico Race Reventador 
61 Pichinga Redondo PI-472117 Paraguay Race Pichinga 
62 Avati Pichinga Ihu NSL-20133 Paraguay Race Avati Pichinga Ihu 
63 Huancavelica 136 Ames-8503 Peru Race Confite Morocho 
64 Cuzco 43 PI-572049 Peru Race Confite Morocho 
65 Puno 6 PI-572073 Peru Race Confite Puneno 
66 Cuzco 31 PI-571899 Peru Race Confite Puntiagudo 
67 Huancavelica 147 PI-571793 Peru Race Confite Puntiagudo 
68 Junin 220 PI-514948 Peru Race Perlilla 
69 San Martin 84 PI-515082 Peru Race Perlilla 
70 Pop. Pontudo NSL-6546 Uruguay Race Avati Pichinga Ihu 
71 Uruguay 633 PI-511635 Uruguay Race Cateto Sulino 
72 Chapalote PI-420245 USA Race Chapalote, New Mexico 
73 873 x Mol7 Ames-19097 USA U.S. Check Hybrid Dent 
74 Iopop 12 Ames-24574 USA U.S. Check Hybrid Popcorn 
75 IDS69 Ames-24576 USA U.S. Check Inbred Popcorn 
76 IDS91 Ames-24577 USA U.S. Check Inbred Popcorn 
77 IDS28 Ames-24576 USA U.S. Check Inbred Popcorn 
78 HP 72-11 PI-542777 USA U.S. Check Inbred Popcorn PVP 
79 4722 PI-5 87130 USA U.S. Check Inbred Popcorn PVP 
80 HP 301 PI-587131 USA U.S. Check Inbred Popcorn PVP 
81 Sg 1533 PI-587132 USA U.S. Check Inbred Popcorn PVP 
82 R-18 Inbr. Fr. PI-340856 USA U.S. Inbred Popcorn 
Supergold 
83 OC 8 PI-553061 USA U.S. Inbred Popcorn 
Table 1. (continued). 
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Entry Name PI 
Number 
Country Comments 
84 HPXD-1 PI-531079 USA U S. Elite Popcorn Population 
85 HPXD-2 PI-531080 USA U.S. Elite Popcorn Population 
86 SGH LFWS(2) PI-542714 USA U.S. Elite Popcorn Population 
87 BSP1C4 ISU POP USA U.S. Elite Popcorn Population 
88 BSP2C4 ISU POP USA U.S. Elite Popcorn Population 
89 BSP4APC0 ISU POP USA U.S. Elite Popcorn Population 
90 BSP5C0 ISU POP USA U.S. Elite Popcorn Population 
91 BSPCB2 ISU POP USA U.S. Elite Popcorn Population 
92 BSPAPSE ISU POP USA U.S. Elite Popcorn Population 
93 BSPW1C3 ISU POP USA U.S. Elite Popcorn Population 
94 Little Red Flint ISU POP USA U.S. Elite Popcorn Population 
95 BS 29-P Suwan 1-P ISU POP USA U.S. Elite Popcorn Population 
96 FS8B-N ISU POP USA U.S. Elite Popcorn Population 
97 Burro Mountain White Ames-3949 USA U.S. Landrace 
98 Illinois Hulless NSL-5780 USA U.S. Landrace 
99 Strawberry NSL-6831 USA U.S. Landrace 
100 Bearclaw Ames-7998 USA U.S. Landrace 
101 Amber Pearl Ames-14274 USA U.S. Landrace 
102 Argentine Pop Ames-14275 USA U.S. Landrace 
103 Black Beauty Ames-14276 USA U.S. Landrace 
104 Japanese Hulless Ames-14277 USA U.S. Landrace 
105 Ladyfinger Ames-14278 USA U.S. Landrace 
106 Ohio Yellow Ames-14279 USA U.S. Landrace 
107 Red Pop Ames-14280 USA U.S. Landrace 
108 South American Pop Ames-14281 USA U.S. Landrace 
109 Strawberry Pop Ames-14282 USA U.S. Landrace 
110 Supergold Ames-14283 USA U.S. Landrace 
111 White Rice Ames-14284 USA U.S. Landrace 
112 Nebraska Supergold x Ames-14285 USA U.S. Landrace 
Tom Thumb 
113 Nebraska Supergold Ames-14286 USA U.S. Landrace 
114 Nebraska Yellow Pearl Ames-14287 USA U.S. Landrace 
115 Ohio Yellow Popcorn Ames-21959 USA U.S. Landrace 
116 Red Popcorn Ames-21960 USA U.S. Landrace 
117 Supergold Popcorn Ames-21962 USA U.S. Landrace 
118 South American Ames-21963 USA U.S. Landrace 
Popcorn 
119 Tom Thumb Pop PI-213701 USA U.S. Landrace 
120 Argentine Pop PI-217404 USA U.S. Landrace 
121 Ladyfinger PI-217407 USA U.S. Landrace 
122 Tom Thumb PI-217412 USA U.S. Landrace 
123 Acoma Pueblo PI-218140 USA U.S. Landrace 
124 Carnival PI-219873 USA U.S. Landrace 
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Table 1. (continued). 
Entry Name PI Country Comments 
Number 
125 Japanese Hulless PI-219881 USA U.S. Landrace 
126 South American Popcorn PI-222647 USA U.S. Landrace 
127 Supergold Popcorn PI-222648 USA U.S. Landrace 
128 Improved South American PI-222649 USA U.S. Landrace 
Popcorn 
129 North Dakota Tom Thumb B9 PI-269757 USA U.S. Landrace 
130 North Dakota Jap Hulless BIO PI-269758 USA U.S. Landrace 
131 Spanish Pop PI-311249 USA U.S. Landrace 
132 White Rice Pop PI-311250 USA U.S. Landrace 
133 White Hulless Pop PI-311251 USA U.S. Landrace 
134 White Hulless Pop PI-311252 USA U.S. Landrace 
135 White Hulless Pop PI-311253 USA U.S. Landrace 
136 Yellow Pearl Pop PI-311254 USA U.S. Landrace 
137 Yellow Pearl Pop PI-311255 USA U.S. Landrace 
138 Black Beauty PI-317680 USA U.S. Landrace 
139 R-Strawberry Open Pollinated PI-340840 USA U.S. Landrace 
140 Black Beauty PI-452061 USA U.S. Landrace 
141 Golden Australian Hulless PI-452063 USA U.S. Landrace 
142 Pinky Popcorn PI-452064 USA U.S. Landrace 
143 Tama Flint PI-217411 USA Race Northeastern North 
American Flints & Flours 
144 Fairfax Brown PI-213756 USA U.S. Landrace 
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Table 2. Accessions of popcorn morphologically characterized in 1999. 
Entry Entry Name PI Number Tag Country 
1999 1998 
1 132 White Rice Pop PI-311250 1 USA 
2 15 No. 1 PI-240318 2 Bolivia 
3 55 Chihuahua 150 PI-484424 3 Mexico 
4 12 ARZM 06 073 PI-492073 4 Argentina 
5 123 Acoma Pueblo PI-218140 5 USA 
6 5 ARZM 13 073 PI-492781 6 Argentina 
7 43 W-C 990 PI-390552 7 Ecuador 
8 66 Cuzco 31 PI-571899 8 Peru 
9 72 Chapalote PI-420245 9 USA 
10 Unselected Little Red Flint a USA 
11 94 Little Red Flint b USA 
12 29 PG No. 10 PI-303850 c Chile 
13 71 Uruguay 633 PI-511635 d Uruguay 
14 6 ARZM 04 014 PI-4918I2 e Argentina 
15 112 Nebraska Supergold x Tom Thumb Ames-14285 f USA 
16 23 Brazil 2785 PI-490813 g Brazil 
17 61 Pichinga Redondo I PI-472117 h Paraguay 
18 26 Brazil 2823 PI-503889 i Brazil 
19 51 Maiz Chapalote PI-217409 J Mexico 
20 33 CHZM 07 097 PI-477471 k Chile 
21 114 Nebraska Yellow Pearl Ames-14287 m USA 
22 74 Iopop 12 Ames-24574 n USA 
23 136 Yellow Pearl Pop PI-311254 o USA 
24 76 CDS91 Ames-24577 P USA 
25 106 Ohio Yellow Ames-14279 q USA 
26 108 South American Pop Ames-14281 r USA 
27 107 Red Pop Ames-14280 s USA 
28 75 IDS69 Ames-24576 t USA 
29 77 IDS28 Ames-24575 u USA 
30 110 Supergold Ames-14283 V USA 
31 117 Supergold Popcorn Ames-21962 w USA 
32 81 Sg 1533 PI-587132 X USA 
33 80 HP301 PI-587131 y USA 
34 101 Amber Pearl Ames-14274 z USA 
35 50 Chapalote NSL-2833 A Mexico 
36 60 Maiz Reventador PI-420244 B Mexico 
37 53 Chihuahua 129 PI-484404 C Mexico 
38 144 Fairfax Brown PI-213756 D USA 
39 143 Tama Flint PI-217411 E USA 
40 73 B73 x Mol7 Ames-19097 F USA 
41 111 White Rice Ames-14284 G USA 
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Table 2. (Continued). 
Entry Entry Name PI Number Tag Country 
1999 1998 
42 104 Japanese Hulless Ames-14277 H USA 
43 98 Illinois Hulless NSL-5780 I USA 
44 141 Golden Australian Hulless PI-452063 J USA 
45 142 Pinky Popcorn PI-452064 K USA 
46 103 Black Beauty Ames-14276 L USA 
47 100 Bearclaw Ames-7998 M USA 
48 139 R-Strawberry Open Pollinated PI-340840 N USA 
49 129 North Dakota Tom Thumb Bulk 9 PI-269757 P USA 
50 138 Black Beauty PI-317680 Q USA 
51 124 Carnival PI-219873 R USA 
52 140 Black Beauty PI-452061 S USA 
53 131 Spanish Pop PI-311249 T USA 
54 119 Tom Thumb Pop PI-213701 U USA 
55 120 Argentine Pop PI-217404 V USA 
56 121 Ladyfinger PI-217407 W USA 
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Table 3. Twenty-nine morphologie characteristics evaluated in 1998 and 1999. 
Traits 
Vegetative and phenological traits 
Plant height (cm) 
Ear height (cm) 
Number of leaves 
Number of tillers per plant 
Leaf length (cm) 
Leaf width (cm) 
Days to pollen shed 
Days to silk 
Anthesis-silking interval (days) 
Tassel traits 
Tassel length (cm) 
Peduncle length (cm) 
Branched part length (cm) 
Central spike length (cm) 
Number of primary branches 
Peduncle length/tassel length 
Central spike length/tassel length 
Ear traits 
Number of ears per plant 
Ear length (cm) 
Ear diameter (cm) 
Number of kernel rows 









Popping expansion (cm3/30 g) 
Type of flake (numerical rating 1-5) ' 
1 1= Very small flake: kernels just split with a little puffed endosperm 
2.5= Mushroom: Round ball type flake 
5= 100% butterfly flake 
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cycle, avoiding the election of plants from the ends of the row or those without a competitive 
neighbor. The morphological characters measured were selected on the basis of high values 
of heritability and repeatability, that is, a high ratio between variance due to the differences 
among accessions and variance due to the differences among environments and genotype by 
environment interactions, as reported by Sanchez Gonzalez et al. (1993) and Ortiz and 
Sevilla (1997). Sanchez Gonzalez (1989) provided detailed information for appropriately 
measuring such characters. 
For measurement of popping characteristics, a group of ears from each replication were 
shelled using a manual sheller and kernels were put into cotton bags and placed for 6 weeks 
into a conditioning chamber where temperature was constantly maintained at 21 °C and the 
relative humidity at 70%. Under those conditions kernels are expected to reach an 
equilibrium moisture content of approximately 13.5%, which has been found as the optimal 
point for maximizing popping expansion (Metzger et al., 1989). A sample of 30 g of kernels 
from each replication was popped in a microwave oven and the volume of flakes was 
measured using a graduated cylinder 8.89 cm in diameter and a capacity of 2000 ml. 
Characterization Using Isozymes 
The subset of 56 accessions characterized for morphological traits in 1999 were also 
evaluated for isozyme polymorphisms, using the inbred lines B73, Mol7, Tx303 and 
Mo24W as checks, for which most of the alleles are known. An array of a set of 18 isozyme 
loci (Table 4), distributed over most of the maize chromosomes, chemically and 
physiologically well characterized (Goodman and Stuber, 1983), and for which reliable gel 
systems, staining protocols and scoring of banding patterns have been developed, were 
selected for evaluation. Enzymes from ten plants of each accession were extracted from the 
coleoptiles of nine-day-old seedlings, subjected to starch gel electrophoresis and stained 
according to the protocols described in detail by Stuber et al. (1988). 
A color photograph was taken of each gel and was used for scoring, which was 
performed by the author and Dr. Mark Widrlechner of the NCRPIS, based on the patterns of 
bands and their migration distances and following the guidelines provided by Stuber et al. 
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Table 4. Eighteen isozyme loci evaluated, gel systems and chromosomal location. 
Enzyme Bin Symbol Optimal Gel 
System1 
Acid phosphatase-1 9.03 Acpl B 
Acid phosphatase-4 1.11-1.12 Acp4 B 
Alcohol dehydrogenase-1 1.10 Adhl C 
Catalase-3 4.19 Cat3 C 
(3-glucosidase-l 10.03 Glul B 
Glutamic-oxaloacetic transaminase-1 3.08 Gotl C 
Glutamic-oxaloacetic transaminase-^ 5.08 Got2 C 
Glutamic-oxaloacetic transaminase-3 5.03-5.04 Got3 C 
Isocitrate dehydrogenase-1 8.05-8.06 Idhl D 
Isocitrate dehydrogenase-^ 6.07 Idh2 D 
Malate dehydrogenase-1 8.03 Mdhl A.B 
Malate dehydrogenase-^ 6.07 Mdh2 A.B 
Malate dehydrogenase-3 3.08 Mdh3 A.B 
Malate dehydrogenase-4 1.07-1.08 Mdh4 A.B 
Malate dehydrogenase-5 5.03 Mdh5 A.B 
Phosphohexose isomerase-1 1.11 Phil B 
6-Phosphogluconate dehydrogenase-1 6.01 Pgdl D 
6-Phosphogluconate dehydrogenase-] 3.05 Pgd2 D 
1 The Bin number is an interval between two fixed core marker loci, and includes the top marker on the map 
bins (http://www.agron.missouri.edu/) 
2 According to Stuber et al. ( 1988). 
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(1988) for all the isozyme loci evaluated, except for Acp4, where scoring was based on 
guidelines provided by Kahler (1983). In cases of discrepancy or poor resolution, the gels 
were repeated for a second evaluation. 
Characterization Using DNA-Based Markers 
Loci evaluated 
DNA from ten individuals of each of the 56 accessions sampled for isozyme analysis 
was used for the amplification of 31 simple sequence repeat loci (microsatellites) distributed 
throughout all ten chromosomes of maize. A list of the loci evaluated, chromosome location 
(Bin number) and associated primers flanking the repeats is shown in Table 5. This group of 
primers is used by the Maize Breeding Program at Iowa State University and were provided 
by Dr. Kendall Lamkey from the U.S. Department of Agriculture located in the Department 
of Agronomy at Iowa State University through Dr. Joanne Labate from the Institute for 
Genomic Diversity at Cornell University. 
DNA extraction and quantification 
Genomic DNA was extracted from leaves of young seedlings by using the commercial 
PUREGENE® DNA Isolation Kit (Centra Systems. 1998). For extraction, 30 mg of fresh 
tissue were placed into a micro fuge tube; 300 |il of cell lysis solution [Tris (hydroxvmethyl) 
aminomethane, ethylenediaminetetraacetic acid, sodium dodecyl sulfate] were added; and the 
tissue was ground with a micro fuge tube pestle and incubated at 65° C for 60 minutes. Then, 
1.5 ill of Rnase A solution were added to the cell lvsate. which was incubated at 37° C for 45 
minutes; samples were then cooled to room temperature, and 100 |il of protein precipitation 
solution (Ammonium acetate) were added and mixed with the cell lysate by vortexing each 
tube at high speed for 20 seconds. Samples were placed in ice for 60 minutes. Proteins were 
precipitated by centrifugation of each tube at 13,000 rpm for 3 minutes, forming a pellet. The 
supernatant containing the DNA was transferred into another clean tube containing 300 |il of 
100% isopropanol. The supernatant was mixed with the isopropanol and the tubes were then 
centrifiiged. After 1 minute of centrifugation at 13,000 rpm, the DNA was precipitated 
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Table 5. Primers used for the amplification of simple sequence repeat loci in popcorn. 
Group Locus BIN# Repeat Allelic Forward Primer// 
Range Reverse Primer 
(bp) 
phi 127 2.07 GTGC 105-126 NED-ATATGCATTGCCTGGAACTGGAAGGA/7 
AATTCAAACACGCCTCCCGAGTGT 
phiOSl 7.06 AGG 136-154 6-FAM-GCGAAAGCGAACGACAACAATCTT// 
ACATCGTCAGATTATATTGCAGACCA 
I phil 15 8.03 ATAC 292-312 HEX-GCTCCGTGTTTCGCCTGAA// 
ACCATCACCTGAATCCATCACA 
phi015 8.08 TTTG 76-113 HEX-GCAACGTACCGTACCTTTCCGA// 
ACGCTGCATTCAATTACCGGGAAG 
phi033 9.02 CCT 224-270 6-FAM-ATCGAAATGCAGGCGATGGTTCTG7 
ATCGAGATGTTCTACGCCCTGAAGT 
phi053 3.05 ATGT 169-213 NED-CTGCCTCTCAGATTCAGAGATTGAC/ 
AACCCAACGTACTCCGGCAG 
phi072 4.01 CAAA 134-163 6-FAM-GTGCATGATTAATTTCTCCAGCCTT// 
GACAGCGCGCAAATGGATTGAACT 
phi093 4.08 CTAG 272-296 NED-GTGCGTCAGCTTCATCGCCTACAAG/ 
CCATGCATGCTTGCAACAATGGATACA 
2 phi024 5.00 CCT 354-376 HEX-CTCCGCTTCCACTGTTCCA/7 
TGTCCGCTGCTTCTACCCA 
phi085 5.06 GCGTT 233-266 6-FAM-AGCAGAACGGCAAGGGCTACT/ 
TTTGGCACACCACGACGA 
phi034 7.02 CCT 123-160 HEX-TAGCGACAGGATGGCCTCTTCT/ 
GGGGAGCACGCCTTCGTTCT 
phi 121 8.04 CCG 93-105 6-FAM-AGGAAAATGGAGCCGGTGAACCA// 
TTGGTCTGGACCAAGCACATACAC 
phi056 1.01 GCC 231-278 NED-ACTTGCTTGCCTGCCGTTAG 
CGCACACCACTTCCCAGAA 
3 phi064 1.11 ATCC 75-121 HEX-CGA ATTGAAATAGCTGCG AG AACCT/V 
ACAATGAACGGTGGTTATCAACACGC 
phiOSO 10.03 AAGC 77-87 NED-AACATGCCAGACACATACGGACAG// 
ATGGCTCTAGCGAAGCGTAGAG 
phi96100 2.00- ACCT 218-300 6-FAM-AGGAGGACCCCAACTCCTG-
2.01 TT GCACGAGCCATCGT AT 
4 phi!01249 •i AGAT 114-161 6-FAM-TTCCTCCTCCACTGCCTC/. 
AAGAACAGCGAAGCAGAGAAGG 
phi 109188 AAAG 148-172 HEX-AAGCTC AG AAGCCGG AGO / 
GGTCATCAAGCTCTCTGATCG 
phi029 3.04 AG- 139-176 NED-TCTTTCTTCCTCCACAAGCAGCGAA// 
AGGG TTTCCAGTTGCCACCGACGAAGAACTT 
5 phi073 3.05 AGC 186-203 HEX-GTGCGAGAGGCTTGACCAA/7 
AAGGGTTGAGGGCGAGGAA 
phi96342 10.XX ATCC 223-256 6-FAM-GTAATCCCACGTCCTATCAGCC/ 
TCCAACTTGAACGAACTCCTC 
phi 109275 0 AGCT 121-144 6-FAM-CGGTTCATGCTAGCTCTGC// 
GTTGTGGCTGTGGTGGTG 
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Table 5. (Continued). 





phi427913 I.XX ACG 117-207 NED-CAAAAGCTAGTCGGGGTCA/z 
ATTGTTCGATGACACACTACGC 
6 phi265454 1.10- AGG 190-240 6-FAM-CAAGCACCTCAACCTCTTCG/ 
1.11 TCCACGCTGCTCACCTTC 
phi402893 2.00 AGC 205-243 HEX-GCCAAGCTCAGGGTCAAG// 
CACGAGCGTTATTCGCTGT 
phi346482 I.XX AGG 103-141 HEX-GCATCACACTTCACACAACAA/' 
GTGGAATAGGAGGCGAGAGAGG 








ACC 287-320 6-F AM-GTG ACCTAAACTTGGCAG ACCC/7 
CAAGAGGTACCTGCATGGC 




CCG 119-139 6-FAM-GATGGGCCCTAGACCAGCTT// 
GCCTCTCCCATCTCTCGGT 
forming a pellet ranging in color from off-white to light green. The DNA pellet was washed 
using 300 gl of 70% ethanol, and, after a one-minute centrifugation, the supernatant was 
discarded and the pellet air-dried for 10-15 minutes. Then, the DNA pellet was rehydrated by 
adding 50 ^1 of DNA hydration solution [Tris (hydroxymethyl) aminomethane, 
ethylenediaminetetraacetic acid] and incubating the sample for 1 hour at 65° C. If particulates 
were present in the rehydrated DNA sample, an additional centrifugation was performed for 
5 minutes at 13,000 rpm, and the supernatant containing the DNA was transferred into a new, 
clean tube. 
For the DNA quantification, DNA samples were positioned into UV transparent 96-
well plates, and readings of the absorbance at wavelengths of 260 and 280 nm were 
performed using a Power Wavex microplate scanning spectrophotometer (Bio-Tek 
Instruments, Winoosi, VT). After the DNA quantification, the different samples were diluted 
to obtain a standardized concentration of 10 ng of DNA/gl and were then stored at -80° C 
until they were used for PCR amplification. 
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Polymerase Chain Reaction (PCR) amplification 
The PCR amplification was carried out using a 96-well thermocycler with a hot bonnet 
heated lid, model PTC-100 (MJ Research, Watertown, MA). The primers were organized 
into groups, as indicated in Table 5, for the simultaneous amplification of multiple loci. 
Multiplexing was designed to create efficient combinations of the expected size ranges of the 
PCR products and the labeling of primers. Forward primers were 5' fluorescently labeled 
with one of the ABI Prism® dyes: HEX, 6-FAM or NED. 
The protocol used for the PCR consisted of an initial denaturation time of 4 minutes at 
95° C, followed by 25 cycles of 1 minute at 95° C (denaturation), 2 minutes at 55° C 
(annealing) and 2 minutes at 72° C (extension), and a final step of 1 hour of further extension 
at 72° C. 
Each individual reaction consisted of 2 gl of 10X PCR Buffer (500 mM K.C1. 100 mM 
Tris-HCl, pH 9.0 at 25° C), 0.4 of lOmM dNTPs (2.5 mM each dNTP). 1.2 pi of 25 mM 
MgCh. 0.2 gl of Taq DNA polymerase (1 unit total). 2.5 pi of template DNA (10 ng/gl). 2.0 
Hi of 4 pM of each primer pair (1 fil each, forward and reverse) and 11.7 gl of double-distilled 
water. The reactions were capped with two drops of mineral oil to prevent evaporation. 
Gel electrophoresis and scoring 
The PCR products were electrophoresed in polyacrylamide gels (4% denaturing 6 M 
urea, 29:1 acrylamide:bisacrylamide) at the DNA Sequencing and Synthesis Facility of Iowa 
State University. Briefly, 1.5 |il of the PCR products, along with 0.5 pi of the GeneScan 
internal size standard 500 (fluorescently-labeled with the ABI Prism® dye ROX). 2.5 gl of 
formamide and 0.5 pi of loading buffer (5.6 mM EDTA, 3% Blue Dextran), were heated for 
2 minutes at 95° C, quenched in ice and loaded onto the gels. The gels were run for 2 hours at 
a constant voltage of 3000V at 48° C immersed in IX TTE Buffer (89 mM Tris, 28.5 mM 
Taurine, 0.5 mM EDTA at pH 9.0) on an ABI Prism 377 DNA sequencer (PE Applied 
Biosystems, Foster City, CA) using the virtual filter set D. resulting in a detection of the 
signal in a blue color for primers labeled with 6-FAM, a green color for primers labeled with 
HEX, a yellow color for primers labeled with NED and a red color for the internal size 
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standards, labeled with ROX. A file containing the information for each gel was generated by 
ABI GeneScan software and saved into the server. 
The gel files generated by the ABI GeneScan software were retrieved from the server 
of the DNA Facility via File Transfer Protocol and scored using the computer software 
STRand (Locke et al., 2000) following the local Southern algorithm for estimating allele 
sizes. STRand can automate or speed up the analysis of DNA fragment length polymorphism 




Data generated during the two cycles of morphological characterization were subjected 
to selected multivariate analysis procedures such as principal component analysis using the 
correlation matrix and cluster analysis by means of the Unweighted Pair Group Method with 
Arithmetic Mean (UPGMA) using SAS (SAS Institute, 1985), for grouping accessions 
according to their degree of similarity. For the morphologic data collected during the first 
year, these procedures were performed to acquire a general perspective of the overall extant 
variation among the original 144 popcorn populations in order to select a subset of accessions 
for further study. Morphological data collected during both years, 1998 and 1999, were 
submitted to analysis of variance, and different descriptive statistics were computed with 
SAS. 
Analysis of results from molecular markers 
Diverse parameters indicative of genetic diversity and its allocation among the popcorn 
populations, such as the proportion of polymorphic loci, number of alleles, gene diversity or 
estimated heterozygosity, and F-statistics were calculated with POPGENE (Population 
Genetic Analysis) Version 1.32 (Yeh et ai, 1999), TFPGA (Tools for Population Genetic 
Analysis) Version 1.3 (Miller, 1997) and GDA (Genetic Data Analysis) Version 1.0 (Lewis 
and Zaykin, 2001). 
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Allelic frequencies were obtained for each of the popcorn populations from both types 
of markers used: isozymes and simple sequence repeats (SSRs) through POPGENE, Version 
1.32. These allele frequencies were used for constructing matrices of variances and 
covariances, taking each allele as an independent variable in the extraction of Eigenvectors 
for multivariate techniques. Principal component analysis was performed over the variances 
and covariances matrices of the standardized data using SAS. Allelic frequencies also were 
used for calculating matrices of Rogers's Genetic Distances (as modified by Wright, 1978) 
by using the software package TFPGA. Matrices of genetic distances were subjected to 
cluster analysis by using both the UPGMA method, with SAS, and the Neighbor-Joining 
method, with the GDA software package and the dendrograms were visualized through the 
computer program TREE VIEW Version 1.6.1 (Page, 1996). 
Combined analyses 
Joint multivariate analyses were performed using the combined dataset from these three 
different lines of evidence. This strategy is often called character congruence, or combined or 
total evidence approach (Kluge, 1989). Specifically for this study, the mean values from both 
years of morphological characterization, isozyme allelic frequencies and SSR allelic 
frequencies were included. This type of analysis was performed to provide a more 
comprehensive vision of the relationships present among the different sources of popcorn 
germplasm studied. Principal component analysis, based on the variance and covariance 
matrices of the standardized data, and cluster analysis by the UPGMA method, based on the 
Pearson correlation coefficients matrix among accessions, were performed by using SAS. 
Finally, discriminant analysis was applied on the first 12 principal components derived from 
the combined dataset in order to allocate the different popcorn accessions into groups of 
affinity. 
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RESULTS AND DISCUSSION 
Importance of Genetic Characterization 
Studies on genetic characterization are potentially helpful for several purposes. They 
can help plant breeders, through the direct estimation of different parameters of genetic 
diversity, to make better decisions about the use of particular populations in breeding 
schemes to introduce novel genetic variability, which in turn may increase response to 
selection or help sustain long-term responses. A second important function of crop genetic 
characterization is its contribution toward the understanding of the assemblage of the 
different populations into more general groups along with the interpopulational and 
intergroup relationships, which may assist in the detection of heterotic patterns and a more 
efficient exploitation of the phenomenon of hybrid vigor. 
Results of studies on crop genetic characterization can also be helpful for germplasm 
curators during the process of making decisions on several aspects of germplasm 
management. First, accessions can be categorized by their absolute parameters of genetic 
diversity, so curators can assign priorities for storage, regeneration, processing, etc. 
considering the more diverse or divergent accessions as more important in preserving genetic 
diversity. A second managerial benefit of characterization is for regeneration, because 
estimates of genetic diversity can be used to adjust the number of individuals used as 
progenitors for the next generation, such that, for homogeneous populations, the sample size 
could be reduced accordingly, with the consequent economic savings without losing 
efficiency of maintaining genetic diversity. A third beneficial aspect of genetic 
characterization, which is particularly true for molecular markers, is the ability to detect 
redundant entries. It is fairly common for different germplasm accessions to share common 
name, but the curator is unable to determine whether they are truly redundant or are 
genetically different. Thus, curators are obligated to incorporate all of those into the normal 
process of management. A fourth benefit of molecular characterization is the possibility of 
keeping track of the potential changes in the genetic profiles of specific accessions through 
successive regenerations in order to detect potential changes and evaluate the effects of such 
forces as genetic drift, selection and even mutation in populations. Finally, a fifth benefit of 
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genetic characterization is that, during the process of studying population structure, important 
hints about underrepresented groups of populations can become evident, so that future 
programs of collection can be focused directly on those neglected groups to eventually 
broaden the genetic base of germplasm in plant breeding programs' working germplasm. 
Morphological Characterization 
Before the advent of molecular markers, morphological characterization was the 
obligated methodology to assess genetic variability and to systematize populations. Although 
morphological characterization provides only an indirect method to measure genetic 
variability, there are many documented studies that have used it successfully in maize as a 
tool for classification (Wellhausen et al, 1952; Wellhausen et al, 1957; Roberts et al. 1957; 
Ramirez et al, 1960; Grobman et al, 1961; Timothv et al, 1961; Grant et al, 1963; Timothv 
et al, 1963; Patemiani and Goodman, 1977). Even today, morphology is extremely useful 
because germplasm curators and plant breeders usually record morphological data as a 
routine during germplasm regeneration or evaluation (Bretting and Widrlechner, 1998; 
Gonzâlez-Ugalde, 1997). 
There were significant differences among accessions for each of the 29 morphological 
characters measured, as indicated by analysis of variances (Table A2). In fact, the source of 
variation corresponding to accessions was by far the most important in 23 of the 29 traits 
evaluated; whereas the years were the second most important source of variation, 
predominating in 6 other traits (days to pollen shed, days to silk, kernel thickness and the 
ratios kernel width/thickness, tassel peduncle length/tassel length and central spike 
length/tassel length). 
The existence of highly significant differences among populations is an advantage 
greatly appreciated by people studying maize, and it is due in part to the broad genetic 
diversity inherent to this species. However, the judicious selection of traits to be evaluated is 
also important, so it is pertinent to emphasize the key role of the studies of Sânchez-Gonzâlez 
et al (1993) and Llaurado and Moreno-Gonzalez (1993) in identifying the most appropriate 
morphological characters for maize characterization. 
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In this study, the characters measured were independent enough and proved effective 
for categorizing accessions according to their degree of variability, and produced clusters of 
accessions that are in agreement with the groups usually recognized by popcorn breeders and 
processors. 
Variation within accessions 
Results of the descriptive morphological characterization of the 56 maize accessions 
evaluated in this study are described in Table Al, which includes the mean values for each 
character along with dispersion, including the ranges, standard deviations, and within-plot 
variances. 
The information provided by the range is somewhat limited because it only represents 
the extreme values of a certain trait measured in specific individuals, which may reflect 
atypical outliers. The standard deviation is a more appropriate measure of dispersion because 
it provides a measure of individual variation of individuals with respect to the average of the 
population, allowing inferences to be made about the theoretical distribution of individuals in 
the whole population. However, the efficiency of the standard deviation decreases when 
records of the same population are taken from individuals grown in different environments, 
such as replications, localities, years, etc. 
When different sources of variance are considered by experimental designs, variance 
due to environmental factors can be estimated and separated form variance due to genotype. 
If replicated records are obtained from each experimental unit, it is possible to partition the 
variance between that due to the factors of the design and that due to the differences among 
individuals within experimental units, for each of the populations. This estimate, the within-
plot variance, is superior to standard deviation for assessing the morphological 
intrapopulational variation, intrinsic to a certain accession, and although within-plot variance 
still contains the environmental variation within experimental units, the standard deviation is 
estimated ignoring environments entirely. 
In this particular study, it was possible to estimate the within-plot variance for most of 
the traits measured; however, for days to pollen, days to silk, anthesis-siIking interval, 
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popping expansion and type of flake, only a single observation per experimental unit was 
recorded, allowing for no estimate of the within-plot variance. 
In general, the amount of intrapopulational variation is a function of the character under 
evaluation. Taking the known inbred lines of popcorn included in this study as a reference, it 
can be observed that some traits, such as plant height and ear height, allow a more obvious 
differentiation among accessions on the basis of their intrapopulational variation. By 
contrast, for certain other traits such as kernel thickness and the ratios: kernel length/width, 
kernel width/ thickness and tassel central spike length/total tassel length, the 
intrapopulational variation does not display large changes from one accession to the next 
(Table Al). 
All the varieties from Latin America evaluated in this study possess particularly high 
intrapopulational variation for nearly all the morphological characters, and there is no clear 
indication that such intrapopulational variation is higher in the accessions of any particular 
country. However, taken as a group, the Latin American accessions clearly have larger 
intrapopulational variation in comparison with the counterpart group of North American 
accessions (Table Al). 
The North American varieties, in turn, can be differentiated according to their degree of 
within accession variation. There are some varieties having a high intrapopulational 
variation, comparable to that of Latin American accessions. Those varieties include some 
popcorn populations whose immediate predecessors can be traced back to Latin America, 
such as Little Red Flint (Uruguay) and Chapalote (northwestern Mexico); other varieties in 
this category are the popcorn population Acoma Pueblo as well as the non-popcom 
references, Fairfax Brown and Tama Flint. 
In contrast, however, there is a group of North American accessions with reduced 
intrapopulational variability. For some of those populations, a low level of variability was 
expected because they are either inbred lines (IDS28, IDS69, IDS91, Sgl 533 and HP301) or 
first generation hybrids (Iopop 12 and B73 x Mo 17). However, low levels of variability were 
also present in certain open pollinated varieties, such as Ohio Yellow, Red Pop, both versions 
of Supergold, Amber Pearl, Strawberry, Argentine Pop and Ladyfmger. Some of these 
varieties for example Ohio Yellow, Supergold and Amber Pearl have been heavily used as 
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the base germplasm for the development of the elite material supporting commercial popcorn 
production (Ziegler, 2001), so those have been submitted to an intense selection process for 
long periods of time, since the formal popcorn industry was established in the United States 
as early as the 1880's (Pollak and White, 1995). 
It is known that selection significantly reduces the variability within populations, and 
one example is found in this study. The Little Red Flint population used here was derived 
through seven cycles of mass selection for improved popping expansion from the Unselected 
Little Red Flint (Kenneth Ziegler, personal communication). As can be seen in Table Al, the 
within-plot variance, denoting the intra population variation, is larger in the Unselected Little 
Red Flint for 20 of the 24 characters for which the within-plot variance was estimated, and 
this tendency is present even in characters apparently unrelated to popping expansion 
components, i.e. even in traits on which no direct selection pressure was applied. 
Another cause of reduction of genetic variability is the presence of possible bottlenecks 
given by a reduced number of progenitors at some point of the evolutionary history, as a 
consequence of genetic drift, which can also be true during the process of regeneration and 
maintenance of populations in germplasm banks. 
Morphological variation among the accessions 
A principal component analysis was performed over the correlation matrix of the 29 
standardized morphological characters measured in this study. Principal component analysis 
is a convenient technique when multiple variables are under examination, since it reorganizes 
the total variance in a dataset and redistributes it into newly generated variables called 
principal components, assigning the variance in a descending order, in such a way that a 
group of a few principal components can explain most of the variance, reducing the 
complexity of the problem. In this case, the first three principal components (PCI, PC2 and 
PC3) respectively, have eigenvalues of 9.80, 6.47 and 4.01 and explain 33.80, 22.32 and 
13.85% of the total variance respectively (Table A3). Another advantage of principal 
component analysis is its capability of summarizing multidimensional data in low-
dimensional diagrams, allowing an insightful examination of the structural patterns and 
relationships among the elements under analysis. 
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Table A4 indicates the eigenvectors for the first four principal components, giving an 
idea of the relative importance of each of the morphological traits in the make up of each 
principal component. Morphological characters related to the overall size of vegetative 
development (plant height, ear height, number of leaves, leaf length, leaf width, tassel length, 
central spike length) as well as ear length, were the most important traits, all with positive 
coefficients, defining the first principal component. The second principal component was 
influenced predominantly by the phenological traits days to pollen shed and days to silk. 
However, some vegetative traits, such as number of leaves and number of primary branches 
in the tassel, were also important, as was kernel weight, represented by the number of kernels 
per 10 g. Certain traits had important contributions to the second principal component with 
negative coefficients, for example the tassel peduncle length and the kernel width, as well as 
the ratios, tassel peduncle length/total tassel length and kernel width/thickness. 
The most important traits contributing to the third principal component were those 
describing characteristics of reproductive structures, such as those of the kernels (kernel 
length, kernel width, kernel length/width and kernel width/thickness) and of the ear (ear 
diameter, number of kernel rows and the ratio ear length/diameter). 
Figure 1 is a plot representing the first versus the second principal component. 
Although many populations are remarkably dispersed throughout the graph, showing the 
broad range of diversity present in popcorn, the first principal component clearly separated 
populations with a short stature, all from North America (Figure 2), from populations with 
greater vegetative development, including all the accessions from Latin America and certain 
populations from the United States (Figure 2). The second principal component separated 
populations mostly according to their earliness, kernel size and abundance of branching in 
the tassel; it positioned early varieties with a reduced number of leaves and relatively large 
kernel size in the negative portion of the second principal component axis; whereas on the 
positive side, the populations tended to be late, with a higher number of leaves and 
remarkably copious tassels with an larger number of branches. 
Figure 2 is a representation of the first and second principal components, where the 
points are coded to represent the country where each accession was collected. The lower part 
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Figure 1. Representation of the first and second principal components based on the 
correlation matrix among 29 morphological traits measured for 56 popcorn 
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Figure 2. Representation of the first and second principal components based on the 
correlation matrix among 29 morphological traits measured for 56 popcorn 
populations. Symbol is the value of COUNTRY. See legend. 
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North American popcorns exclusively, while the Latin American populations and North 
American popcorns of recent introduction from Latin America (Unselected Little Red Flint, 
US Chapalote for instance) are situated in the upper part of the Figure. The first principal 
component is associated with traits that produce vegetative abundance, which is a typical 
characteristic of tropical maize populations especially when grown in a temperate 
environment, probably because of their sensitivity to daylength. This may occur because as 
populations were introduced northward into the United States, they adapted to new 
environments, where more slender plants survived under environments with reduced growing 
seasons. The other explanation of the distribution in Figure 2 is that popcorn generally tends 
to have smaller plants in comparison with other field com varieties (Ziegler, 2001), as 
illustrated by the positions of the non-popcom North American accessions, B73 x Mol 7, 
Fairfax Brown and Tama Flint, being situated in the positive region of the first principal 
component. 
When displayed simultaneously, PCI and PC2 reveal interesting patterns, grouping 
these populations (Figure 1). A group of North American popcorns with yellow kernels is 
mostly in the first quadrant, very close to the origin of both principal components. This group 
includes open pollinated varieties, the Iopop 12 check popcorn hybrid and inbred lines, 
including the parental inbreds for Iopop 12. 
Despite the relatively broad dispersion, it is possible to also detect a group of 
populations that came together in quadrant III of Figure 1. Its members include the earliest 
accessions, such as Spanish Pop, Carnival, both versions of Tom Thumb, Bearciaw and two 
of the three versions of Black Beauty. The rest of the lower part of Figure 1 (the negative 
region of the first principal component) depicts various accessions of pointed kernel North 
American popcorns and also shows in the fourth quadrant Argentine Pop, Ladyfinger and 
Strawberry Popcorn far apart from other popcorns. Those three populations show particularly 
different morphological characteristics (in comparison with the others) such as an extremely 
large number of tillers and ears per plant and the smallest ears and kernels. 
Popcorn populations from Latin America are dispersed in the upper part of Figure 1, i.e. 
in the positive region of the first principal component. In the first quadrant, there is a 
diversity of popcorn types with representatives from Argentina, Brazil, Mexico, Paraguay 
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and Uruguay, as well as a Chapalote accession from the United States; however they do not 
form an obvious group. The second quadrant includes some popcorns with pointed kernels 
forming a relatively loose group. Latin America accessions, such as Chihuahua 150 from 
Mexico, No. 1 from Bolivia, ARZM 06 073 from Argentina, and W-C 90 from Ecuador, as 
well as two North American accessions, Acoma Pueblo and White Rice, are included in this 
group. Acoma Pueblo and White Rice have a kernel shape and color similar to other typical 
rice type popcorns from North America, but these two varieties are taller, with more 
abundant foliage, more closely resembling the Latin American accessions. The non-popcom 
North American accessions, included as references in this study are relatively disjunct from 
the rest of the popcorn varieties in the second quadrant of Figure 1. 
Figure 3 is a representation of the first versus the third principal component. 
Approximately at the center of the figure, near the origins of both principal components, the 
group of North American yellow popcorns appears again, incorporating varieties from all the 
four quadrants. The group of Latin American pointed popcorns, including the North 
American White Rice and Acoma Pueblo, is found in the first quadrant, but now also 
includes certain pointed Latin American popcorns not shown in Figure 1 such as ARZM 13 
073 from Argentina and Cuzco 31 from Peru. Immediately below that group, the North 
American pointed accessions now cluster in a more defined fashion in the third quadrant of 
Figure 3, but with the addition of the Strawberry population. That is because the third 
principal component is heavily influenced by the traits for which the rice-type popcorns are 
distinct: long and narrow kernels, wide ears with a large number of kernel rows and ears with 
pronounced sphericity (low ear length/diameter ratio). 
The third quadrant of Figure 3 contains the group of early North American popcorn 
varieties, but now with no restriction on earliness. as imposed by the second principal 
component in Figure 1, Argentine Pop and Ladyfmger are included in this group. 
Figure 4 also gives the distribution pattern of the accessions in relation to the first and 
third principal components, but in this case the symbols represent the country of origin of 
each accession. The arrangement of the accessions in relation to the first principal component 
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Figure 3. Representation of the first and third principal components based on the correlation 
matrix among 29 morphological traits measured for 56 popcorn populations. 
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Figure 4. Representation of the first and third principal components based on the correlation 
matrix among 29 morphological traits measured for 56 popcorn populations. 
Symbol is the value of COUNTRY. See legend. 
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American accessions are concentrated below in v axis, except for the pointed popcorns, 
which are in the positive side of that axis (first and second quadrant). 
Most of the popcorn varieties can generally be assigned into defined groups according 
to the principal component analysis performed over morphological characteristics. Those 
preliminary assemblages are confirmed by a cluster analysis by using the matrix of Pearson 
correlation coefficients among accessions, derived from morphological traits, and clustered 
by the UPGMA method. 
Figure 5 represents the dendrogram resulting from cluster analysis based on the 
morphological characterization, which allows for the definition of six general groups of 
populations. The Argentine Pop and Ladyfinger populations arise as an independent cluster 
(Cluster I in Figure 5). The principal component analysis failed to allocate these two 
populations into a more defined group. In Figure 1 (first versus second principal component) 
both populations are in the fourth quadrant, far apart from the rest, whereas in Figure 3 (first 
versus third principal component), they are completely integrated into the group of early 
popcorns in the third quadrant. 
Cluster II (Figure 5) includes the yellow popcorns from the United States and, 
remarkably it also includes the population CHZM 07 097 from Chile, which is also a yellow 
popcorn with an outstanding morphological resemblance to the North American popcorns. 
Except for popping expansion, the varieties of yellow popcorn of this group are intermediate 
in the expression of morphological traits, and that is the reason by which they are situated 
almost at the center in Figures 1 and 3, very close to the origin of the first three principal 
components. All the varieties included in this group have an excellent popping expansion 
capacity, which makes them an extremely important cluster, because as a group, the yellow 
varieties form the core commercial popcorn production in the United States (Ziegler, 2001). 
Another cluster includes the tallest and the latest populations in the study, with a 
noticeably reduced popping expansion capacity. This is labeled as Cluster III in Figure 5 and, 
except for the Chapalote population from New Mexico, USA, this cluster is integrated 
exclusively by Latin American popcorns, such as W-C 90 from Ecuador, Cuzco 31 from 
Peru, two accessions of Chapalote and Maiz Reventador from Mexico, ARZM 04 014 from 
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Figure 5. Dendrogram of cluster analysis for 56 popcorn populations using the matrix 
of Pearson correlation coefficients among 29 morphological traits and 
UPGMA as the clustering method. 
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Cluster IV is a complex group because it comprises both popcorn and non-popcom 
populations from both North and Latin America. The first sub-cluster contains all the non-
popcom accessions included in this study as reference accessions, namely the Com Belt Dent 
hybrid B73 x Mol7, some accessions with flint endosperm such as Uruguay 633, Little Red 
Flint and Unselected Little Red Flint, along with Tama Flint and Fairfax Brown. The only 
populations identified as typical popcorns that are included in this sub-cluster are PG No. 10 
from Chile, Chihuahua 129 from Mexico and Acoma Pueblo from the United States; 
however, their popping expansion capacity is particularly limited (Table Al). Despite its flint 
endosperm, the most outstanding accession of this cluster for popping expansion is Little Red 
Flint, which could be explained by its recent history of selection specifically for that trait 
(Kenneth Ziegler, personal communication). 
The early popcorn varieties, all of them from North America (Spanish Pop, Carnival, 
accessions 50 and 52 of Black Beauty, Tom Thumb Pop, North Dakota Tom Thumb and 
Pinky Popcorn) were grouped together in Cluster V in Figure 5, which corresponds to the 
accessions that appear together in the third quadrant of Figures 1 and 2, representing the first 
versus the second and the first versus the third principal components, respectively. The 
placement of Pinky Popcorn in the early popcorns by cluster analysis is in agreement with 
the pattern given by the first and second principal components (Figure 1 ); however, in the 
representation of the first and third principal components, Pinky Popcorn is assigned to the 
group of North American pointed popcorns, located in the fourth quadrant of Figure 3. Pinky 
Popcorn is certainly a population sharing characteristics of both early and pointed popcorns, 
(which are included in Cluster VI, described in the next paragraph). Pinky popcorn was 
donated by E.H. Strubbe, a popcorn breeder from Minnesota, who in turn obtained it from 
the Oscar H. Will Co. in Bismarck, N.D. (Whealy and Adelmann, 1986), and perhaps 
corresponds to the pinkish, pointed popcorn "Blush Rice" described by Sturtevant ( 1899). 
Cluster VI is composed of pointed popcorns, which in turn can be divided into two sub-
clusters, one of North American pointed popcorns (White Rice, Japanese Hulless, Illinois 
Hulless, Golden Australian Hulless, Bearciaw, Strawberry and Black Beauty accession 46), 
and a second mostly of Latin American pointed popcorns (Chihuahua 150 from Mexico, No. 
1 from Bolivia and ARZM 06 073 from Argentina and White Rice Pop). The exception in 
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this sub-cluster is the North American population White Rice Pop, which is a pointed 
popcorn with more conspicuous vegetative growth than the rest of North American versions 
of pointed popcorn. 
Genetic Characterization Using Isozymes 
Isozymes were the first class of molecular markers to be widely used to characterize 
maize. There are reliable protocols for staining and scoring a relatively diverse group of 
maize enzymes (Kahler, 1983; S tuber er al., 1988; Wendel and Weeden, 1989), but more 
importantly, isozyme data collectively represent one of the best documented sources of 
molecular information in lea mays (Goodman and S tuber, 1983b; Doebley et al., 1985; 
Doebley et al., 1986; Doebley et al., 1987; Bretting et ai, 1990, Sânchez-G. et al., 2000). 
There are two additional advantages to isozymes, the first is that they are generally 
unaffected by the environment where the plants grow, so that the observed variation reflects 
genetic variation. The second advantage is that isozymes are theoretically neutral, so they are 
not strongly affected by selection, making the variation primarily a function of mutation 
rates, allowing isozymes to be good predictors of evolutionary relationships in maize 
(Doebley, 1994). 
Genetic variation of the loci in the accessions evaluated 
Allelic frequencies were estimated for 18 isozyme loci evaluated for each accession 
(Table A5). Sixteen of the 18 loci evaluated were polymorphic (i.e., they presented more than 
one allelic form) and the number of alleles varied among loci from 1, in the case of 6-Pgd2 
and Got3, to 9 in the case of Glul. Fifty-eight alleles were observed for these 18 loci, 
corresponding to an overall average of 3.22 alleles per locus (Table 6). 
Among the polymorphic loci evaluated, the degree of polymorphism was different; 9 
allelic forms were detected in Glul, 6 were detected in Acp4, 5 in Pgdl, 4 were found in 
Acpl, Cat3, Mdhl and Phil, 3 alleles were detected in Idh2 and Mdh2, and the rest of the 
polymorphic loci had only 2 alleles, and some of those, such as Got2, Mdh3, Mdh4 and 
Table 6. Gene frequencies of 58 alleles scored for 18 isozyme loci averaged by groups of accessions according to their country of 


























Acpl 2 0.30 0.00 0.65 0.42 0.05 0.71 0.80 0.35 0.60 0.528 0.518 
Acpl-3 0.13 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.096 0.076 
Acpl-4 0.57 1.00 0.35 0.35 0.95 0.27 0.20 0.65 0.40 0.373 0.396 
Acpl 6 0.00 0.00 0.00 0.23 0.00 0.00 0.00 0.00 0.00 0.003 0.010 
Acp4-I 0.08 0.10 0.05 0.00 0.00 0.02 0.10 0.00 0.00 0.004 0.014 
Acp4-2 0.10 0.75 0.05 0.40 0.00 0.20 0.00 0.75 0.00 0.523 0.432 
Acp4 3 0.48 0.15 0.68 0.32 0.44 0.27 0.55 0.00 0.50 0.257 0.294 
Acp4 4 0.17 0.00 0.00 0.05 0.22 0.02 0.00 0.00 0.00 0.018 0.029 
Acp4-5 0.10 0.00 0.00 0.15 0.28 035 0.35 0.10 0.40 0.086 0.121 
Acp4-6 0.07 0.00 0.23 0.08 0.06 0.14 0.00 0.15 0.10 0.112 0.110 
Adhl-4 0.93 0.20 1.00 1.00 0.55 0.99 1.00 1.00 0.85 0.86 0.871 
Adhl-6 0.07 0.80 0.00 0.00 0.45 0.10 0.00 0.00 0.15 0.14 0.129 
Cat3-Null 0.22 0.30 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.15 0.120 
Cal3-7 0.01 0.45 0.02 0.10 0.25 0.12 005 0.50 0.05 0.07 0.089 
Cal3-9 0.52 0.25 0.98 0.82 0.65 0.84 0.90 0.50 0.95 0.72 0.727 
Cal3-I2 0.25 0.00 0.00 0.08 0.00 0.04 0.05 0.00 0.00 0.06 0.064 
Glul-Null 0.07 0.00 0.00 0.00 0.10 0.35 0.00 0.00 0.00 0.08 0.062 
Glul r 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.027 
Glul 1 0.00 0.00 0.00 0.00 0.00 0.02 0.05 0.00 0.00 0.00 0.005 
Glu 1-2 0.00 0.00 0.03 0.00 0.25 0.20 0.20 0.00 0.15 0.09 0.102 


























Glul 2.5 0.00 0.00 0.03 0.00 0.00 0.27 0.10 0.00 0.00 0.01 0.006 
Glu 1-6 0.23 0.00 0.10 0.44 0.60 0.14 0.20 0.00 0.10 0.16 0.191 
Glul 7 0.68 0.95 0.55 0.56 0.00 0.00 0.40 1.00 0.75 0.60 0.572 
Glul 9 0.02 0.05 0.29 0.00 0.00 0.00 0.05 0.00 0.00 0.02 0.034 
Glul 10 0.00 0.00 0.00 0.00 0.05 0.02 0.00 0.00 0.00 0.00 0.001 
Gotl-4 0.82 0.35 0.98 0.90 0.80 0.89 0.85 0.45 0.80 0.76 0.775 
Got 1-6 0.18 0.65 0.02 0.10 0.20 0.11 0.15 0.55 0.20 0.24 0.225 
Gol2-2 0.00 0.00 0.45 0.00 0.10 0.00 0.00 0.30 0.00 0.04 0.048 
Gol2-4 1.00 1.00 0.55 1.00 0.90 1.00 1.00 0.70 1.00 0.96 0.952 
G«t3-4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.000 
ldhl-4 0.93 1.00 0.98 0.74 1.00 0.85 1.00 0.95 0.75 0.96 0.938 
IUhl-6 0.07 0.00 0.02 0.26 0.00 0.15 0.00 0.05 0.25 0.04 0.062 
ldl.2-4 0.65 0.40 0.72 0.70 0.20 0.62 0.95 0.85 0.75 0.64 0.641 
Uh2 4.2 0.00 0.00 0.00 0.05 0.00 0.07 0.00 0.00 0.00 0.01 0.018 
ldh2-6 0.35 0.60 0.28 0.25 0.80 0.31 0.05 0.15 0.25 0.35 0.341 
Mdhl Null 0.03 0.00 0.18 0.00 0.00 0.00 0.20 0.00 0.00 0.01 0.018 
Mdhl 1 0.00 0.00 0.35 0.32 0.10 0.00 0.20 0.00 0.05 0.02 0.042 
Mdhl 6 0.92 1.00 0.47 0.68 0.85 0.86 0.50 0.75 0.55 0.94 0.891 
Mdhl 10.5 0.05 0.00 0.00 0.00 0.05 0.14 0 10 0.25 0.40 0.03 0.049 


























Mdh2-3 0.72 0.10 0.65 0.10 0.05 0.19 0.60 0.90 0.35 0.14 0.214 
Mdh2-3.5 0.00 0.30 0.05 0.10 0.65 0.23 0.10 0.00 0.00 0.17 0.161 
Mdh2-6 0.28 0.60 0.30 0.80 0.30 0.58 0.30 0.10 0.65 0.69 0.625 
Mdh3-I6 0.97 100 1.00 1.00 1.00 0.93 0.90 1.00 0.75 1.00 0.986 
Mdh3-I8 0.03 0.00 0.00 0.00 0.00 0.07 0.10 0.00 0.25 0.00 0.014 
Mdh4-I2 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.997 0.998 
Mdh4-I4.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.003 0.002 
Mdh5-I2 0.97 1.00 1.00 1.00 1.00 0.96 0.90 1.00 0.85 0.996 0.988 
Mdh5-I5 0.03 0.00 0.00 0.00 0.00 0.04 0.10 0.00 0.15 0.004 0.012 
Phi 1 -2 0.00 0.00 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.01 0.010 
Phil 3 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.30 0.00 0.011 
Phil 4 0.88 0.80 1.00 1.00 0.85 0.94 0.75 1.00 0.10 0.98 0.948 
Phil 5 0.12 0.20 0.00 0.00 0.00 0.00 0.25 0.00 0.60 0.01 0.031 
Pgdl-I 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.004 
Pgdl-2 0.13 0.95 0.02 0.32 0.30 0.29 0.25 1.00 0.25 0.20 0.237 
Pgd 1-2.8 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.20 0.01 0.011 
Pgd 1-3.8 0.87 0.05 0.98 0.68 0.40 0.67 0.75 0.00 0.55 0.77 0.736 
Pgdl-7 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.02 0.012 
PEd2-5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.000 
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Mdh5, were barely polymorphic, with frequencies of the least common allele of 0.048, 0.014, 
0.002 and 0.012 respectively (Table 6). 
Only the loci 6-Pgd2 and Got3 yielded a single allele throughout the group of 
accessions, which is not surprising based on earlier studies. Goodman and S tuber (1983a) 
observed, in a set of 406 inbred lines of the United States, that they were all fixed for the 
allele Got3-4, whereas similar situations were reported by Goodman and S tuber (1983b) in 
31 races of maize from Bolivia and by Sânchez-G. et al. (2000) in 59 Mexican races, finding 
Got3-4 at frequencies of 99.4 and 97.8%, respectively. 
In the case of 6-Pgd2, the only allele found was 6-Pgd2-5, which is the predominant 
allele in maize from diverse backgrounds. S tuber and Goodman (1984) found that particular 
allele at a frequency of 93.0% in a group of 406 inbred lines from the United States, but that 
frequency rose to 100% if only the 22 popcorn lines studied were considered. In Latin 
American races, S tuber and Goodman (1984) observed the same predominant allele with 
frequencies of 99.3% in Bolivia, 98.1% in Brazil, 98.7% in Chile, 99.4% in El Salvador, 
99.1% in Mexico and 99.7% in Peru; however, in all the cases the popcorn races had a 
frequency of 100% for the allele, except for one accession of the race Cateto Sulino in Brazil 
where the allele 6-Pgd2-5 was found with a frequency of 83%. 
In contrast to monomorphic loci, where a single allele is present across all the 
populations, are the private alleles, or alleles confined to individual populations. Four private 
alleles were found in this study, they were: the first, Glul-10, in the accession W-C 990 from 
Ecuador, at a frequency of 0.05. The second private allele was Mdh4-14.5 in the accession 
Unselected Little Red Flint, which is now from the United states but was originally collected 
in Uruguay, at a frequency of 0.10; in fact, the presence of the allele Mdh4-14.5 in that 
population was the reason for the locus being considered as a polymorphic one, since Mdh4 
only had two alleles across populations. The third and fourth private alleles were Pgd 1-1 and 
Phi 1-3 and both were found in the accession Chihuahua 129, an accession of Cristalino de 
Chihuahua, a race from the highlands of North Central Mexico. 
An unusual allele of Glul, behaving in some respects as a null allele, was found fixed 
in the popcorn inbred line IDS28. Plants with this allele show no enzymatic activity; 
however, if they are crossed to plants with normal activity, the hybrids show low activity 
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and, in some instances, two homodimers and the corresponding heterodimer are visible in the 
gel, so it is clear that this allele is not a genuine null, but only a repressor of its counterpart 
(Goodman and Stuber, 1983a). The described effect was visualized when Iopop 12 was 
scored for Glul, because IDS28 is one of the parents of that hybrid, and the "repressor" 
allele, was recorded as Glul-r (Table A5). 
Table 6 reports the allelic frequencies averaged by country of provenance of the 
accessions. The allocation of gene frequencies is specific for each locus. For example, for 
Acpl, alleles 1 and 4 are the most common overall, but the former is predominant in 
accessions from Brazil, Chile, Mexico, Paraguay, Uruguay and USA, while the latter has a 
higher frequency in accessions from Argentina, Bolivia, Ecuador and Peru. For Acp4, the 
highest overall frequency corresponds to allele 2; however, only accessions from Peru and 
the United States present the highest frequency for that allele, for the rest of accessions, the 
predominant alleles are either allele 3, for accessions from Brazil, Ecuador, Paraguay and 
Uruguay, or allele 5, for accessions from Mexico. In other loci, such as Got2, Idhl, Mdh3, 
Mdh4 and Mdh5, the frequency of a certain allele predominated regardless of the country of 
provenance. Detailed information about the distribution of allele frequencies for the rest of 
the loci is presented in Table 6. 
Allelic frequencies averaged by groups of popcorn are displayed in Table 7. Accessions 
were grouped as suggested by the morphological analysis. This grouping based on 
morphology will be used in the discussion of subsequent sections because it is generally 
consistent with the general perceptions of popcorn researchers, as a natural classification; 
however, as a final exercise in this study, a more comprehensive classification of North 
American popcorn will be outlined on the basis of several lines of evidence, including 
history, morphology and molecular markers. For certain loci, the most common allele varies 
according to the group under observation. For Acp 1, alleles 2 and 4 were the predominant 
ones. Allele 2 was the most common in the group of Yellow and Latin American popcorns, 
and allele 4 predominated in the Pointed and Early popcorns, whereas both alleles were 
common in the Prolific popcorns and Reference populations. In locus Acp4, allele 2 
prevailed in the Yellow and Pointed popcorns, while allele 3 had a higher frequency in other 
groups. The Pointed popcorns showed the null allele as the most common in the Cat3 locus; 
Table 7. Gene frequencies of 58 alleles scored for 18 isozyme loci averaged by groups from cluster analysis of the morphological 
characters. 
GROUPS OF POPCORN 
Locus Pointed Early Reference Latin American Yellow Prolific Overall 
Allele Popcorns Popcorns Populations Popcorns Popcorns Popcorns (56) 
Acpl 2 0.29 0.40 0.47 0.53 0.75 0.50 0.518 
Acpl-3 0.03 0.06 0.00 0.04 0.19 0.00 0.076 
Acpl 4 0.68 0.54 0.47 0.43 0.06 0.50 0.396 
Acpl 6 0.00 0.00 0.06 0.00 0.00 0.00 0.010 
Acp4-I 0.01 0.00 0.02 0.04 0.00 0.00 0.014 
Acp4 2 0.68 0.18 0.11 0.13 0.81 0.00 0.432 
Acp4 3 0.24 0.45 0.39 0.40 0.05 100 0.294 
Acp4 4 0.05 0.07 0.03 0.03 0.01 0.00 0.029 
Acp4-5 0.00 0.25 0.27 0.23 0.01 0.00 0.121 
Acp4-6 0.02 0.05 0.18 0.17 0.12 0.00 0.110 
Adhl-4 0.55 0.84 0.93 0.95 1.00 1.00 0.871 
Adhl-6 0.45 0.16 0.07 0.05 0.00 0.00 0.129 
Cat3 Null 0.46 0.08 0.00 0.01 0.06 0.00 0.120 
Cat3-7 0.08 0.25 0.06 O i l  0.04 0.00 0.089 
Cal3-9 0.44 0.51 0.86 0.81 0.85 1.00 0.727 
Cal3-I2 0.02 0.16 0.08 0.07 0.05 0.00 0.064 
Glul Null 0.15 0.18 0.05 0.01 0.00 0.00 0.062 
Glul r 0.00 0.00 0.00 0.00 0.09 0.00 0.027 
Glul 1 0.00 0.00 0.02 0.01 0.00 0.00 0.005 
Glu 1-2 O i l  0.18 0.10 0.21 0.01 0.00 0.102 
Table 7. (continued). 

















Glu 1-2.5 0.00 0.01 0.02 0.01 0.00 0.00 0.006 
Glul 6 0.37 0.09 0.16 0.21 0.13 0.05 0.191 
Glul 7 0.36 0.54 0.53 0.47 0.77 0.95 0.572 
Glu 1-9 0.01 0.00 0.12 0.07 0.00 0.00 0.034 
Glul 10 0.00 0.00 0.00 0.01 0.00 0.00 0.001 
Goll-4 0.32 0.58 0.92 0.89 0.99 1.00 0.775 
Got 1-6 0.68 0.42 0.08 O i l  0.01 0.00 0.225 
Gol2-2 0.09 0.01 0.03 0.12 0.00 0.00 0.048 
Gol2-4 0.91 0.99 0.97 0.88 1.00 1.00 0.952 
Gol3-4 1.00 1.00 1.00 1.00 1.00 1.00 1.000 
ldhl-4 0.98 0.98 0.84 0.86 0.99 1.00 0.938 
ldhl-6 0.02 0.02 0.16 0.14 0.01 0.00 0.062 
ldh2-4 0.42 0.13 0.58 0.67 0.98 1.00 0.641 
Idh2 4.2 0.00 0.00 0.01 0.08 0.00 0.00 0.018 
ldh2-6 0.58 0,87 0.41 0.25 0.02 0.00 0.341 
Mdhl Null 0.01 0.00 0.00 0.06 0.01 0.00 0.018 
Mdhl 1 0.00 0.00 0.06 0.09 0.05 0.00 0.042 
Mdhl 6 0.96 0.91 0.84 0.77 0.94 1.00 0.891 
Mdhl 10.5 0.03 0.09 0.10 0.08 0.00 0.00 0.049 
Table 7. (continued). 

















Mdh2-3 0.28 0.03 0.24 0.46 0.03 0.50 0.214 
Mdh2-3.5 0.06 0.02 0.07 0.16 0.37 0.00 0.161 
Mdh2-6 0.66 0.95 0.69 0.38 0.60 0.50 0.625 
Mdh3-I6 1.00 1.00 0.96 0.96 1.00 1.00 0.986 
Mdh3-18 0.00 0.00 0.04 0.04 0.00 0.00 0.014 
IMdh4-l2 1.00 1.00 0.99 1.00 1.00 1.00 0.998 
Mdh4-I4.5 0.00 0.00 0.01 0.00 0.00 0.00 0.002 
Mdh5-I2 1.00 1.00 0.94 0.98 1.00 1.00 0.988 
Mdh5-I5 0.00 0.00 0.06 0.02 0.00 0.00 0.012 
Phi 1-2 0.00 0.00 0.04 0.01 0.00 0.00 0.010 
Phil 3 0.00 0.00 0.07 0.00 0.00 0.00 0.011 
Phil 4 0.98 1.00 0.79 0.93 0.99 1.00 0.948 
Phil-S 0.02 0.00 0.10 0.06 0.01 0.00 0.031 
Pgdl-I 0.00 0.00 0.02 0.00 0.00 0.00 0.004 
Pgd 1-2 0.18 0.33 0.35 0.27 0.18 0.00 0.237 
Pgd 1-2.8 0.01 0.00 0.02 0.02 0.01 0.00 0.011 
Pgd 1-3.8 0.80 0.67 0.61 0.70 0.78 1.00 0.736 
Pgdl-7 0.01 0.00 0.00 0.01 0.03 0.00 0.012 
Pgd2 5 1.00 1.00 1.00 1.00 1.00 1.00 1.000 
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but this allele was only rarely found in other groups of popcorn, instead the most common 
allele was Cat3-9. A similar tendency was observed in the Pointed popcorns, for three other 
loci, Glul, Gotl, and Idh2. For the rest of the polymorphic loci, Adhl, Got2, Idhl, Mdhl, 
Mdh3, Mdh4, Mdh5, Phil and Pgdl, there was a common allele predominant among groups. 
Genetic diversity of the accessions 
Various statistical measures of genetic variability, estimated from allelic frequencies, 
are presented for each accession in Tables 8 and 9. Regarding the allelic richness among 
accessions, the overall average of 3.22 alleles per locus found in this study is moderate in 
comparison with results of other authors. The number of alleles found in isozyme loci in 
maize from the United States is typically lower than the value of 2.94 found in this study for 
popcorn populations. For example, Smith et al. (1985) found an average of 2.52 alleles per 
locus in 57 inbred lines, whereas Doebley et al. (1988) found an average of 2.43 in 42 inbred 
lines from Corn Belt maize. Similarly, Gerdes and Tracy (1994) detected an average of 2.22 
alleles per locus in a group of 31 sweet com inbreds; Gonzâlez-Ugalde ( 1997) detected 
between 1.65 and 2.75 alleles per locus for different groups of maize from the United States; 
and Kahler (as reported by Ziegler, 2001) found an average of 2.15 alleles in 43 popcorn 
inbred lines evaluated for 19 isozyme loci. In contrast, results from Latin American maize 
typically show a higher number of alleles per locus. For example, Doebley et al. (1985) 
found an average of 7.09 alleles per locus in 94 accessions representing 34 Mexican races, 
and Goodman and S tuber (1983b) detected 5.17 alleles per locus in a sample of 101 
accessions representing 31 races of maize from Bolivia. 
The intermediate allelic richness in popcorn observed in this study can be partially 
explained by the composition of the group of accessions evaluated; the Latin American 
accessions are richer in isozyme alleles, and about one third of the accessions came from 
Latin America and the rest from the United States, so the results should be considered as 
pooled between those two groups. The other source of bias could be methodological. Surveys 
of maize from the United States generally evaluated as many or fewer accessions as 
evaluated this study. For example, Smith et ai (1985) used 57 populations, Doebley et ai 
(1988) used 42, Gerdes and Tracy (1994) used 31 and Gonzâlez-Ugalde (1997) used 40; 
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Table 8. Statistics denoting genetic diversity as derived from 18 isozyme loci evaluated over 




Number of alleles per locus 
(A) 





ARZM 06 073 0.191 0.235 
ARZM 13 073 0.182 0.259 
ARZM 04 014 0.172 0.186 
Mean 0.181 
















No. 1 0.186 0.231 1.66 0.767 50.0 
Brazil 
Brazil 2785 0.111 0.177 
Brazil 2823 0.191 0.236 
Mean 0.151 













PG No. 10 0.149 0.250 
CHZM 07 097 0.169 0.227 
Mean 0.159 
















































(95% criterion) Mean Std. Dev. Mean Std. Dev. 
Chihuahua 129 0.251 0.285 2.00 1.236 61.1 
Mean 0.215 1.73 51.1 
Estimated as a group 0.263 0.251 2.44 1J38 77.8 
Paraguay 
Pichinga Redondo 0.249 0.248 2.16 1.295 66.7 
Peru 
Cuzco 31 0.176 0.207 1.55 0.615 50.0 
Uruguay 
Uruguay 633 0.313 0.212 2.05 0.725 77.8 
USA 
White Rice Pop 0.158 0.214 1.44 0.615 38.9 
Acoma Pueblo 0.191 0.239 1.78 1.003 55.5 
Chapalote 0.168 0.234 1.50 0.707 38.9 
Unselected Little Red 0.243 0.181 1.89 0.583 77.8 
Flint 
Little Red Flint 0.228 0.238 1.89 1.078 55.6 
Nebr. Supergold x 0.076 0.156 1.33 0.686 22.2 
Tom Thumb 
Nebraska Yellow Pearl 0.119 0.178 1.61 0.777 44.4 
lopop 12 0.063 0.157 1.16 0.383 16.6 
Yellow Pearl Pop 0.053 0.142 1.27 0.574 22.2 
IDS91 0.000 0.000 1.00 0.000 0.0 
Ohio Yellow 0.087 0.180 1.22 0.427 22.2 
South American Pop 0.065 0.140 1.22 0.428 22.2 
Red Pop 0.000 0.000 1.00 0.000 0.0 
IDS69 0.005 0.022 1.05 0.235 5.5 
IDS28 0.047 0.139 1.11 0.323 11.1 
Supergold 0.033 0.105 1.11 0.323 11.1 
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(95% criterion) Mean Std. Dev. Mean Std. Dev. 
Supergold Popcorn 0.017 0.075 1.05 0.235 5.5 
Sg 1533 0.037 0.091 1.16 0.383 16.7 
HP301 0.014 0.060 1.05 0.235 5.5 
Amber Pearl 0.023 0.099 1.05 0.235 5.5 
Fairfax Brown 0.000 0.000 1.00 0.000 0.0 
Tama Flint 0.182 0.222 1.72 0.826 55.6 
B73 x Mo73 0.055 0.161 1.11 0.323 11.1 
White Rice 0.154 0.206 1.44 0.511 44.4 
Japanese Hulless 0.135 0.183 1.44 0.511 44.4 
Illinois Hulless 0.095 0.189 1.27 0.574 22.2 
Golden Australian 0.056 0.136 1.22 0.548 16.7 
Hulless 
Pinky Popcorn 0.124 0.164 1.55 0.615 50.0 
Black Beauty Acc. 46 0.000 0.000 1.00 0.000 0.0 
Bearclaw 0.078 0.150 1.28 0.461 27.8 
R-Strawbweny OP 0.000 0.000 1.00 0.000 0.0 
North Dakota Tom 0.079 0.150 1.28 0.461 27.8 
Thumb 
Black Beauty Acc. 50 0.086 0.209 1.33 0.840 16.7 
Carnival 0.144 0.227 1.50 0.707 38.9 
Black Beauty Acc. 52 0.143 0.216 1.61 1.037 33.3 
Spanish Pop 0.189 0.224 1.61 0.777 50.0 
Tom Thumb Pop 0.082 0.166 1.44 0.705 33.3 
Argentine Pop 0.000 0.000 1.00 0.000 0.0 
Ladyfinger 0.010 0.042 1.05 0.235 5.5 
Mean 0.083 1J0 24.5 
Estimated as a group 0.248 0.239 2.94 1.661 83J 
Average 56 Acc. 0.119 1.43 32.8 
Global estimation 0.271 0.241 3.22 1.987 88.9 
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Table 9. Statistics denoting genetic diversity as derived from 18 isozyme loci evaluated for 
56 popcorn populations, ordered according to the groups resulting from cluster 
analysis of the morphological characters. 
Expected Heterozygosity Number of alleles per locus % Polymorphic 
(H) (A) loci (P) 
Accessions Mean Std. Dev. Mean Std. Dev. (95% criterion) 
Pointed Popcorns 
White Rice Pop 0.158 0.214 1.44 0.615 38.9 
Chihuahua 150 0.251 0.239 1.83 0.857 61.1 
No. 1 0.186 0.231 1.66 0.767 50.0 
ARZM 06 073 0.191 0.235 1.61 0.698 50.0 
White Rice 0.154 0.206 1.44 0.511 44.4 
Japanese Hulless 0.135 0.183 1.44 0.511 44.4 
Illinois Hulless 0.095 0.189 1.27 0.574 22.2 
Golden Australian 0.056 0.136 1.22 0.548 16.7 
Hulless 
Bearclaw 0.078 0.150 1.28 0.461 27.S 
Black Beauty Acc. 46 0.000 0.000 1.00 0.000 0.0 
R-Strawbwerry OP 0.000 0.000 1.00 0.000 0.0 
Mean 0.118 1.38 32.3 
Estimated as a group 0.264 0.247 2.44 1.338 72.2 
Early Popcorns 
Pinky Popcorn 0.124 0.164 1.55 0.615 50.0 
North Dakota Tom 0.079 0.150 1.28 0.461 27.8 
Thumb 
Tom Thumb Pop 0.082 0.166 1.44 0.705 33.3 
Black Beauty Acc. 50 0.086 0.209 1.33 0.840 16.7 
Black Beauty Acc. 52 0.143 0.216 1.61 1.037 33.3 
Carnival 0.144 0.227 1.50 0.707 38.9 
Spanish Pop 0.189 0.224 1.61 0.777 50.0 
Mean 0.121 1.47 35.7 
Estimated as a group 0.237 0.263 2.22 1J08 66.7 
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Table 9. (Continued). 
Expected Heterozygosity Number of alleles per locus % Polymorphic 
(H) (A) loci (P) 
Accessions Mean Std. Dev. Mean Std. Dev. (95% criterion) 
Reference Pops. 
Acoma Pueblo 0.191 0.239 1.78 1.003 55.5 
Chihuahua 129 0.251 0.285 2.00 1.236 61.1 
Fairfax Brown 0.000 0.000 1.00 0.000 0.0 
Tama Flint 0.182 0.222 1.72 0.826 55.6 
Unselected Little Red 
Flint 











Uruguay 633 0.313 0.212 2.05 0.725 77.8 
PG No. 10 0.149 0.250 1.44 0.783 27.8 
B73 X Mo73 0.055 0.161 1.11 0.323 11.1 
Mean 0.179 1.47 46.9 
Estimated as a group 0.284 0.236 2.89 1.567 88.9 
Latin American 
Popcorns 
ARZM 13 073 0.182 0.259 1.61 0.849 44.4 
W-C 990 0.269 0.249 2.16 1.090 66.7 
Cuzco 31 0.176 0.207 1.55 0.615 50.0 
Chapalote 0.221 0.270 1.89 1.182 50.0 
Maiz Reventador 0.225 0.239 1.67 0.686 55.5 
Maiz Chapalote 0.128 0.214 1.27 0.461 27.8 
Chapalote (USA) 0.168 0.234 1.50 0.707 38.9 
ARZM 04 014 0.172 0.186 1.72 0.669 61.1 
Pichinga Redondo 0.249 0.248 2.16 1.295 66.7 
Brazil 2785 0.111 0.177 1.50 0.786 38.9 
Brazil 2823 0.191 0.236 1.72 0.752 55.6 
Mean 0.190 1.70 50.5 
Estimated as a group 0.288 0.246 2.94 1.798 833 
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Table 9. (Continued). 
Expected Heterozygosity 
(H) 




(95% criterion) Accessions Mean Std. Dev. Mean Std. Dev. 
Yellow Popcorns 
Nebr. Supergold x 0.076 0.156 1.33 0.686 22.2 
Tom Thumb 
CHZM 07 097 0.169 0.227 1.56 0.783 38.9 
Nebraska Yellow Pearl 0.119 0.178 1.61 0.777 44.4 
Iopop 12 0.063 0.157 1.16 0.383 16.6 
Yellow Pearl Pop 0.053 0.142 1.27 0.574 22.2 
IDS91 0.000 0.000 1.00 0.000 0.0 
HP301 0.014 0.060 1.05 0.235 5.5 
Ohio Yellow 0.087 0.180 1.22 0.427 22.2 
IDS69 0.005 0.022 1.05 0.235 5.5 
South American Pop 0.065 0.140 1.22 0.428 22.2 
Red Pop 0.000 0.000 1.00 0.000 0.0 
Sg 1533 0.037 0.091 1.16 0.383 16.7 
IDS28 0.047 0.139 1.11 0.323 11.1 
Amber Pearl 0.023 0.099 1.05 0.235 5.5 
Supergold 0.033 0.105 1.11 0.323 11.1 
Supergold Popcorn 0.017 0.075 1.05 0.235 5.5 
Mean 0.051 1.18 15.6 
Estimated as a group 0.134 0.179 2.27 1319 61.1 
Prolific Popcorns 
Argentine Pop 0.000 0.000 1.00 0.000 0.0 
Ladyfinger 0.010 0.042 1.05 0.235 5.5 
Mean 0.050 1.03 2.75 
Estimated as a group 0.060 0.161 1.16 0383 16.6 
Average 56 Acc. 0.119 1.43 32.8 
Global estimation 0.271 0.241 3.22 1.987 88.9 
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however, for Latin American maize Goodman and S tuber (1983b) and Doebley et al. (1985) 
used 101 and 94 accessions, respectively; consequently the opportunity of finding more 
alleles increased just by chance. 
In Table 8, accessions are ordered according to the country of provenance, and it is 
clear based on expected heterozygosity, number of alleles per locus and percentage of 
polymorphic loci, that the largest genetic diversity in popcorns is found in the Latin 
American populations evaluated, especially in those from Mexico, whereas the North 
American accessions are less diverse. For a better comparison among countries, the focus 
should be placed on means obtained for similar sized groups of accessions belonging to each 
of the countries rather than over the parameters estimated for the whole country, since the 
different number of accessions included for each country tends to distort the comparisons 
among them. 
In Table 9, parameters indicating diversity, as determined by isozyme markers, are 
displayed for all the accessions evaluated, which are grouped as suggested by the 
morphological analysis. Based on the means obtained from individual accessions within each 
group rather than on the parameters estimated for each group as a whole (due to the 
inconvenience of different number of accessions in each group, as explained before), 
substantial differences in the degree of genetic diversity can be perceived among groups, as 
indicated by the three parameters estimated: expected heterozygosity, number of alleles per 
locus and percentage of polymorphic loci. The group of Latin American popcorns has the 
largest genetic diversity, closely followed by the group of Reference populations and then by 
the Early and the Pointed popcorn groups, and finally, with a significant reduction, by the 
groups of Yellow and Prolific popcorns, respectively. 
The group of Yellow popcorns is very important in the United States from the 
commercial point of view (Eldredge and Lyerly, 1946; Ziegler, 2001; Smith, 1999) and that 
may help to explain the narrow genetic diversity observed in this study, because of the strong 
selective forces that those popcorn populations have undergone for more than a century. 
Even though molecular markers are theoretically neutral under selection, the reduced number 
of individuals chosen as progenitors for each generation causes inbreeding and random 
genetic drift, and consequently, homogeneity. 
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In the case of the prolific popcorns (Argentine Pop and Ladyfinger) it is more difficult 
to explain the reduced genetic diversity because they have been perpetuated as open 
pollinated varieties and have not contributed to current commercial popcorn hybrids (Ziegler, 
2001). Most likely they have not been submitted to strong selection. Among the presumable 
reasons for the lack of diversity in those popcorn accessions could be founder effects, 
because of small population sizes during the introduction of the populations or a gradual 
increasing of inbreeding from low effective population sizes during consecutive seed 
generations. 
Degree of genetic differentiation of populations 
Some of the most useful measures of population subdivision are F-statistics, developed 
by Wright (1943, 1965), and reanalyzed by Nei (1977). F-statistics can be conceptualized as 
a measure of the correlation of alleles within individuals and are an extension of the 
inbreeding coefficients. An inbreeding coefficient represents the magnitude of the 
nonrandom association of alleles within an individual. In such a way, F- statistics describe 
the amount of inbreeding-like effects in a hierarchical approach, within subpopulations, FiS, 
among subpopulations, Fst, and within the entire population, Fit. They are calculated using 
comparisons between observed and expected heterozygosities under the assumption of 
Hardy-Weinberg equilibrium, at different levels of hierarchy. 
Table 10 reports the hierarchical F-statistics considering the group of accessions from 
each country as a subpopulation. The group of accessions from the United States produced 
the maximum value of Fit (0.717), representing the highest global reduction of 
heterozygosity from what would be expected if the universe of accessions evaluated (the 
whole group of accessions) were under random mating. Accessions from the United States 
were followed by the groups of accessions from Brazil, Chile and Argentina with F|T values 
of 0.635,0.552 and 0.445 respectively; while the lowest values of Fit were for the accessions 
from Paraguay, Uruguay, Ecuador, Peru, Bolivia and Mexico. 
The degree of genetic differentiation, or the degree of difference in frequencies among 
accessions in a given subpopulation, is measured by Fst- Small values indicate that the gene 
frequencies are very similar between accessions, while larger values indicate approaching 
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Table 10. F-statistics calculated from 18 isozyme alleles for groups of accessions according 
to the country of origin. 
Country F,s FST FIT 
Argentina 0.263 0.274 0.445 
Bolivia 0.374 0.000 0.374 
Brazil 0.498 0.273 0.635 
Chile 0.308 0.352 0.552 
Ecuador 0.355 0.000 0.355 
Mexico 0.246 0.184 0.385 
Paraguay 0.128 0.000 0.128 
Peru 0.371 0.000 0.371 
Uruguay 0.255 0.000 0.255 
USA 0.154 0.666 0.717 
Overall 0.222 0.561 0.658 
Table 11. F-statistics calculated from 18 isozyme alleles for groups of accessions according 
to the results of cluster analysis on morphologic traits. 
Group F» FST F,T 
Pointed Popcorns 0.249 0.551 0.663 
Early Popcorns 0.188 0.488 0.584 
Reference Populations 0.161 0.369 0.471 
Latin American Popcorns 0.245 0.341 0.503 
Yellow Popcorns 0.267 0.622 0.723 
Prolific Popcorns 1.000 0.917 1.000 
Overall 0.222 0.561 0.658 
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fixation for different alleles. High values of Fst can also be interpreted as indicating that very 
little gene flow is occurring and that populations have diverged by genetic drift, although an 
alternative explanation is that selection has been applied for different alleles in different 
populations. The values of Fst show that popcorn accessions from the United States clearly 
present the highest differentiation (0.666), followed by the accessions from Chile, Argentina, 
Brazil and Mexico with values of 0.352,0.274, 0.273 and 0.184, respectively. The estimation 
of Fst is zero for accessions from Bolivia, Ecuador, Paraguay, Peru and Uruguay because 
only one accession from each country was included (Table 10). One possible explanation for 
the high values in the North American group of accessions is that they have been severely 
isolated from each other and from other types of maize, which may be particularly true for 
popcorn varieties, given the requirements of isolation in order to preserve the popping 
characteristics. 
Fis is the level of reduction of heterozygosity within accessions. Surprisingly, the Fis 
value for the North American group of accessions, 0.154, is one of the lowest. However, that 
value should be visualized in context, because it refers to the reduction of heterozygosity of 
individual accessions, relative to the value of the group (Fst), which for the accessions from 
the United States is, by far, the largest figure among the different countries, causing an 
artificial reduction in Fis. 
The structure of population differentiation for the popcorns assembled into different 
morphological groups is given in Table 11. As expected, based on the statistics of genetic 
diversity, the group of Prolific popcorns had the highest values of inbreeding and genetic 
differentiation, as given by Fis, Fst, and Fit; followed by the group of Yellow Popcorns, 
Pointed popcorns and Early popcorns, all displaying relatively strong genetic differentiation; 
while the groups of accessions with the lowest values were the Reference populations and the 
Latin American popcorns. The low values of Fst in the Reference populations and in Latin 
American accessions are an indicator that those groups of accessions maintain a certain 
degree of gene exchange, given that isolation is not an essential requirement as it is in 
popcorn. In Latin American countries, on the other hand, the isolation among maize 
populations is not very rigorous, because varieties of maize are often dedicated for multiple 
uses and some degree of gene flow is tolerated and even desired. 
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Relationship among accessions 
A principal component analysis was performed over the matrix of Pearson correlation 
coefficients among populations, derived from the gene frequencies of the 58 alleles detected 
in 56 popcorn accessions. Table A6 presents the eigenvalues associated with each of the 
principal components, as well as the proportion of the total variability explained by each 
component. The first six principal components accounted for only 47.7% of the global 
variability, with the first component explaining 12.5%, the second component explaining 
10.6%, and the third one accounting for only 6.9%. 
Eigenvectors, integrating the relative influence of each allele for the first six principal 
components, are presented in Table A7. The highest positive coefficients in the eigenvector 
for the first principal component were associated with alleles, Glul-1, Mdh3-18, Mhd5-15, 
Phi 1-3 and Phi 1-5. Those alleles generally have an overall low frequency, but they are 
present exclusively either in the Latin American group of popcorns or in the Reference maize 
populations. On the other hand, the most negative coefficients were associated with alleles, 
Mdh3-16, Mdh5-12 and Phi 1-4, which are popcorn counterparts of the alleles with positive 
coefficients. 
For the second principal component, Table A7 shows that the highest positive loading 
or weighting for the corresponding eigenvector was associated with alleles, Acpl-4, Adhl-6, 
Got 1-6 and Idh2-6. Those alleles are the predominant ones in accessions from South 
America, such as those from Bolivia (Acpl-4, Adhl-6, Got I-6 and Idh2-6), Ecuador (Acpl-4 
and Adhl-6), Peru (Acpl-4 and Got 1-6) and Argentina (Acpl-4). From the viewpoint of 
groups of popcorn, that set of alleles presents its highest frequencies in the Pointed popcorns 
and in most of the cases (Acpl-4, Got I-6 and Idh2-6) in the early popcorns. The most 
negative coefficients in that eigenvector were associated to alleles Acpl-2, Adhl-4, Glul-7, 
Got 1-4 and Idh2-4 whose distribution is observed preferentially in North American 
accessions, especially among the Yellow popcorn populations, whereas the lowest 
frequencies are observed in the group of Pointed popcorns (Table 7). 
The third principal component is positively influenced by the frequencies of alleles 
Acpl-6, Idhl-6, Idh2-4.2 and Mdh4-14.5. Those alleles are most common among the Latin 
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American popcorns and the Reference populations. Alleles Acp4-2, Idhl-4 and Mdh4-12 
contribute negatively to this eigenvector. The North American accessions, especially the 
Yellow popcorns and, to some extent, the Pointed popcorns (as in the case of Idh4-1), present 
higher gene frequencies for those alleles. 
Figure 6 plots the first versus the second principal component. It can be clearly 
observed that all the Yellow popcorns form a relatively compact cluster in the third quadrant, 
and additionally, the Corn Belt Dent hybrid B73 x Mol 7 and the Ladyfinger popcorn 
population are completely integrated into this cluster, even though morphologically they 
were associated with the Reference populations (mostly non popcorn) and the Prolific 
popcorns, respectively. The Argentine Popcorn population is also close to this group in 
general and to Ladyfinger in particular; however, in this graph it seems that they no longer 
form a distinct group. 
Two parallel groups can be observed in the fourth quadrant of Figure 6. One group 
includes North American popcorn populations having pointed kernels, and is situated slightly 
lower than the second group. The pointed popcorns from Latin American countries are also 
in this quadrant but they are not completely integrated with the group of North American 
pointed popcorns. The second group is composed of early popcorn populations. These two 
groups are, however, quite close to each other, and, in some cases, their members are slightly 
intermixed. 
In the second quadrant, there is a group of Latin American popcorns, including both 
accessions from Brazil, both versions of Chapalote from Mexico, as well as the North 
American version of that Mexican race, and PG No. 10 from Chile. The rest of the accessions 
are situated far apart in both of the upper quadrants of Figure 6, evidently without following 
a defined pattern. 
The 56 populations studied are displayed again in Figure 7, according to their scores for 
the first and second principal components, but here they are represented by the symbol for 
country. It can be observed that the North American popcorn populations are predominantly 
in the lower portion of the first principal component. The only populations from the United 
States above the origin of the first principal component are Acoma Pueblo, an accession from 
New Mexico, Chapalote from the United States, also collected in New Mexico, Little Red 
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Figure 6. Representation of the first and second principal components based on the 
correlation matrix among 58 isozyme alleles scored for 56 popcorn populations. 
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Flint (both the selected and the unselected versions), now considered as North American, but 
originally collected in Uruguay, and finally the non-popcom, Tama Flint. This suggests a 
certain association between isozyme alleles and geography, which has been documented in 
other studies. For example Bretting et al. (1990) found isozyme alleles Acpl-2. Mdh2-6, 
Idh2-4 and Pgdl-2, correlated with elevation in Guatemalan and Mexican races of maize; 
however, in this study the mentioned alleles were not important in the construction of the 
first principal component, which in this case was important for discriminating popcorn 
populations according to their geographic provenance (Table A7). 
The first principal component is represented along with the third principal component 
in Figure 8. The group of North American yellow popcorns is clustered together in a tight 
group, with values slightly negative for both principal components. The popcorn accession of 
the race Curagua, CHZM 07 097 from Chile is completely integrated with this cluster, as it 
was in the morphological analysis. B73 X Mo 17 is another population integrated in this case 
to the Yellow popcorns, while Ladyfinger is also close to that group. 
The third principal component presents a higher resolution for discriminating among 
the rest of popcorns from the United States. In the lower part of Figure 8, North American 
early popcorn populations are clearly separated from the pointed popcorns from the United 
States, while pointed popcorns from Latin America were intermixed between both groups. In 
the first quadrant of Figure 8, several Latin American popcorns, other than the pointed Latin 
American popcorn populations are found. Examples include the Mexican and U.S. Chapalote 
populations, both versions of Little Red Flint and the Acoma Pueblo popcorn. The second 
quadrant of Figure 8 contains populations Uruguay 633, Chihuahua 129, Pichinga Redondo, 
ARZM 04 014 and Maiz Reventador, all of them spaced widely. 
All these accessions are represented again in Figure 9 with a plot between the first and 
third principal components, but this time they are symbolized by the country of origin. The 
influence of the first principal component in the differentiation of populations according to 
their geographic origin was the most important, as discussed before, while the third 
component was relatively ineffective in providing further insight on that subject (Figure 9). 
Cluster analysis was applied to the frequencies of the isozyme alleles detected in an 
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Figure 8. Representation of the first and third principal components based on the 
correlation matrix among 58 isozyme alleles scored for 56 popcorn populations. 
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9. Representation of the first and third principal components based on the 
correlation matrix among 58 isozyme alleles scored for 56 popcorn populations. 
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alleles and UPGMA as the clustering method. 
85 
dendrogram summarizing these relationships developed by applying the UPGMA method 
over the matrix of Rogers's genetic distances, as modified by Wright (1978) (Table A8). 
The first noticeable feature of this dendrogram is that Black Beauty popcorn is an 
independent population, isozymatically different from the rest, which is in disagreement with 
the analysis of principal components, where it was placed in the group of early popcorns 
(Figure 8) or intermediate between the early and the pointed popcorn groups (Figure 6). At 
the level of allelic frequencies, the most conspicuous difference between Black Beauty (Acc. 
46) and the rest of the accessions is allele Got2-2: while it is fixed in Black Beauty, it is a 
rare allele among the rest of accessions (Table A5). Allele Got2-2 does not have a significant 
contribution to the first three principal components, explaining the discrepancy between 
principal component and cluster analysis. 
Next, the dendrogram includes a small cluster (Cluster I) formed by an accession of 
Mexican Chapalote and Fairfax Brown, and interestingly, the inbred line IDS28 as an 
independent population. The dendrogram implies genetic dissimilarity of this inbred line, 
derived from Yellow Pearl. Such dissimilarity has been used for the exploitation of hybrid 
vigor in popcorn, since it is one of the parents of the popcorn hybrid Iopop 12 as indicated in 
the passport data (Appendix B). 
The second major cluster (Cluster II) corresponds in one of its branches almost entirely 
to the North American Yellow popcorns, but also includes Ladyfinger; while in the other 
branch, besides Ohio Yellow and the Chilean popcorn population CHZM 07 097, there is a 
group of Latin American popcorn accessions such as Maiz Chapalote, Maiz Reventador, 
Chihuahua 129 and Pichinga Redondo, as well as the Com Belt Dent hybrid B73 x Mol7. 
That set of populations looked very similar to the Yellow popcorns in the principal 
component analysis. Another important difference is that a small group, of three popcorn 
populations, was segregated into a different sub-cluster at an approximate distance of 0.37 in 
the Modified Rogers's distance scale. The composition of such a new sub-cluster makes 
sense, because it includes Red Pop, a considerably different population at least 
morphologically, Amber Pearl and South American Pop. The last two are normally used as 
representative populations of distinct heterotic groups because of their outstanding 
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combining ability with members of the group of Yellow popcorns, especially with those 
related to Supergold (Kenneth Ziegler, personal communication). 
The next cluster in Figure 10 (Cluster III) contains nine populations and only includes 
accessions from South America. Some of these were considered as Reference populations in 
the morphological analysis, such as Uruguay 633, Little Red Flint and Unselected Little Red 
Flint, and the rest were typical Latin American popcorns. 
Cluster IV includes the core of the morphologically recognized group of Pointed 
popcorns from North American (Illinois Hulless, White Rice, Golden Australian Hulless and 
Pinky Popcorn) as well as the rest of the Latin American populations of Pointed popcorns, 
ARZM 06 073 from Argentina, Cuzco 31 from Peru and No. 1 from Bolivia. Notably, the 
group of Pointed popcorns did not comprise a compact group, instead it was fragmented into 
at least two subgroups with no clear geographic correspondence. 
The other pointed popcorn populations were included in the next cluster. Cluster V, in 
Figure 10 including accessions such as Bearclaw, R-Strawberry Open Pollinated and 
Japanese Hulless; in other words, it is a subgroup of the morphologically recognized group of 
Pointed popcorns. 
Cluster VI of Figure 10 is integrated with popcorn populations classified as Early 
popcorns in the morphological analysis, but other popcorn accessions were included in this 
group as well as some of the Latin American pointed popcorns, including Chihuahua 150 (a 
Mexican accession corresponding to Palomero Toluqueno) and W-C 90 (a representative of 
the race Canguil) and White Rice Pop, a North American popcorn that was placed together 
with the Latin American popcorns in the morphological analysis. Surprisingly, Tama Flint 
was also included in this gathering, grouped very close to Spanish Pop, an accession with a 
flint endosperm. 
The UPGMA is a clustering algorithm that has gained popularity mainly because of its 
simplicity and speed, allowing the management of larger datasets (Sneath and Sokal, 1973). 
However, one of its weaknesses is that is assumes equal rates of evolution for all branches, 
which could lead to a misleading topology under unequal rates of mutation or at least fail to 
detect the effects of heterogeneous rates of evolution in the construction of trees (Takezaki 
and Nei, 1996). 
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Another popular clustering method is the Neighbor-Joining method, developed by 
Saitou and Nei (1987). This method attempts to correct the UPGMA method for its 
frequently invalid assumption that uniform rates of evolution apply to each branch. Hence 
this method yields an unrooted tree, and theoretically, it better accounts for variation in the 
rate of character changes between branches, by allowing the terminal branches to vary in 
length. 
Because of the potential advantages of the Neighbor-Joining method, since the 
populations in the study may have markedly different selection and breeding history, it was 
decided to use it to construct a second tree to further elucidate phenetic relationships among 
the popcorn accessions studied. Figure 11 illustrates the resulting tree when the Neighbor-
Joining method was applied over the gene frequencies of the 58 isozyme alleles. There are 
four clusters of accessions that arise at a basal position in the tree, and also the Mexican 
accession Chihuahua 129 stood alone as an independent population. 
Despite the fact that Cluster I is the largest one produced by the Neighbor-Joining 
method, its populations have a consistent and logical structure. The first sub cluster (Cluster 
I-a) included all the pointed popcorns, regardless if they were from North America or from 
Latin America, and some of the Early popcorns were also classified as members of this sub 
cluster. Under the Neighbor-Joining method the Early popcorns ended up being a fragmented 
group because some of them were included in the both sub clusters, that is, some of them 
were integrated together with Latin American popcorns and the rest with the group of 
Pointed popcorns. The second sub-cluster (Cluster l-b) included mostly Latin American 
Popcorn populations, but also the early varieties Tom Thumb Pop, Ladyfinger and Nebraska 
Supergold x Tom Thumb. The four clusters mentioned above, markedly correspond to 
defined groups of similar populations. 
Cluster II includes one of the Chapalote populations as well as Fairfax Brown; however 
it also contains two yellow popcorns: Amber Pearl and South American Pop, which as 
mentioned earlier, are commonly used as representative populations for the exploitation of 
heterotic patterns in modem commercial popcorn hybrids. 
There is another cluster (Cluster III) holding two Chapalote populations, Maiz 
Reventador and the Corn Belt Dent hybrid B73 x Mol7, which are populations that were 
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categorized as a sub-cluster within the Yellow popcorns when the UPGMA method was 
applied. 
The last cluster (Cluster IV), at the bottom of Figure 11, clearly corresponds to the 
group of Yellow popcorns from North America, as defined by morphological analysis and by 
principal components applied over isozyme gene frequencies, and again includes all the cases 
the Chilean accession of the race Curagua, CHZM 07 097. 
Both methods of clustering (UPGMA and Neighbor-Joining) showed similarities in the 
formation of groups, especially in the more compact groups such as the Yellow or the 
Pointed popcorns. However, in the Neighbor-Joining method the different groups arise at the 
top in Figure 11, complicating in some instances the differentiation of clusters and sub-
clusters. Even though the UPGMA method has the potential drawback of considering equal 
rates of evolution for the entries under study, the results are clearly interpretable, so it proved 
effective for studies below the level of species, as in this case, for popcorns. 
Genetic Characterization using SSRs 
Microsatellites, also known as simple sequence repeats, or SSRs, are segments of DNA 
characterized by a variable number of copies of a sequence of five or fewer bases, called a 
repeat unit, where polymorphisms are identifiable according to the number of repeats. (Litt 
and Luty, 1989; Weber and May, 1989; Tautz, 1989). SSRs were detected first in humans 
and other mammals in the 1980s (Nakamura et al., 1987), and the documentation of the 
presence of SSRs in plants came in the 1990's (Condit and Hubbell, 1991; Akkaya et al., 
1992; Taramino and Tingey, 1996) and since then, SSRs have proven extremely valuable for 
genetic characterization of plant populations, leading this type of marker to be a preferred 
option in some species such as maize (Chin et al., 1996; Gonzâlez-Ugalde, 1997; Smith et 
al., 1997; Pejic et al., 1998; Senior et al., 1998; Bernardo et al., 2000; Xinhai et al., 2000; 
Labate et al., 2001). 
The popularity of microsatellites has been steadily increasing because of the numerous 
advantages they present as genetic markers: highly polymorphic, abundantly and evenly 
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distributed throughout the genome, codominance, small amounts ofDNA required and 
Mendelian inheritance (Taramino and Tingey, 1996). 
However, despite the various advantages, microsatellites also present some potential 
drawbacks: stutter bands on gels may complicate accurate scoring of polymorphisms, and 
when present due to mutation in the primer annealing sites, null alleles can lead to a 
misclassification of hétérozygotes as homozygotes (Weising et al., 1995). Additionally, the 
underlying mutation model (infinite alleles model or stepwise mutation model) is largely 
unknown and even it seems to be different for di and three nucleotide unit repeats than it is 
for larger repeats (Takezaki and Nei, 1996). Another disadvantage is the potential presence 
of size-homoplasy, or the co-occurrence of alleles that are identical by state, but not identical 
by descent; in practice this means that microsatellite marker fragments observed on an 
electrophoretic gel may not necessarily be identical even though they are of identical size. 
(Estoup et al., 1995). 
When SSRs were first discovered the most significant drawback was the time-
consuming nature of the steps required to identify polymorphic loci and to construct the 
appropriate primers; however, while this procedure remains the most serious constraint for 
other species, in maize this drawback has been overcome because there is extensive public 
information describing a large number of SSR loci; for example, the Maize Genome 
Database World Wide Web Server (http://www.agron.missouri.edu/) currently reports primer 
sequences for about 1700 different loci. 
Genetic variation of the loci in the accessions evaluated 
In this study, 31 SSR loci covering the ten chromosomes in maize, and previously 
identified as polymorphic in dent corn populations (K.R. Lamkey, personal communication) 
were evaluated. All of them proved to be also polymorphic in the group of 56 popcorn 
accessions under study. The number of alleles per locus varied from 3 in five loci (phi 115, 
phi 121, phi050, phi213984 and phi339017) to 11 at the phi96100 locus, with a total of 198 
alleles found in the 31 loci evaluated, for an overall average of 6.39 alleles per locus (Tables 
12 and 13). 
Table 12. Gene frequencies of 198 alleles scored for 31 SSR loci averaged by groups of accessions according to their country of 
origin. The number of accessions is in parentheses. 
COUNTRIES 
Locus- Argentine Bolivia Brazil Chile Ecuador Mexico Paraguay Peru Uruguay USA Overal 
Allele (3) (1) (2) (2) (1) (5) (1) (•) (1) (29) (56) 
phil27-l 0.14 0.11 0.50 0.78 0.60 0.46 0.50 0.75 0.60 0.33 0.375 
phi 127-2 0.00 0.00 0.00 0.00 0.00 0.29 0.00 0.00 0.00 0.01 0.031 
phil27-3 0.53 0.22 0.45 0.12 0.00 0.17 0.50 0.25 0.05 0.24 0.256 
phi 127-4 0.31 0.67 0.05 0.10 0.40 0.04 0.00 0.00 0.35 0.40 0.332 
phil27-5 0.02 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.01 0.005 
phi 127-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.001 
phi051-l 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.002 
phi05l 2 O i l  0.60 0.25 0.02 0.50 0.42 0.40 0.28 0.05 0.13 0.173 
phiOSI-3 0.39 0.00 0.50 0.43 0.00 0.28 0.60 O i l  0.75 0.24 0.282 
phi05l-4 0.50 0.40 0.13 0.55 0.50 0.29 0.00 0.61 0.20 0.61 0.536 
phi05l-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.002 
phi05l-6 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.005 
phil 15-1 0.00 0.00 0.08 0.34 0.00 0.24 0.00 1.00 0.10 0.38 0.325 
phi 115-2 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.001 
phil 15-3 1.00 1.00 0.92 0.63 0.00 0.76 1.00 0.00 0.90 0.62 0.674 
phiOI5-l 0.28 0.11 0.25 0.00 0.25 0.31 0.30 0.30 0.30 0.14 0.171 
phi015-2 0.32 0.00 0.00 0.00 0.00 0.16 0.00 0.00 0.00 0.03 0.052 
phi015-3 0.00 0.00 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.01 0.003 
phiOI5-4 0.23 0.11 0.28 0.55 0.60 0.41 0.20 0.45 0.25 0.58 0.517 
phiOI5-5 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.02 0.019 
phiOI5-6 0.17 0.78 0.47 0.45 0.00 0.08 0.50 0.25 0.45 0.22 0.238 
Table 12. (Continued). 
COUNTRIES 
Locus Argentina Bolivia Brazil Chile Ecuador Mexico Paraguay Peru Uruguay USA Overall 
Allele (3) (1) (2) (2) (1) (5) (1) (1) (1) (29) (56) 
phi033-l 0.03 0.25 0.00 0.00 0.25 0.01 0.00 0.00 0.00 0.01 0.016 
phi033-2 0.00 0.00 0.13 0.25 0.00 0.11 0.05 0.00 0.00 0.01 0.028 
phi033-3 0.02 0.00 0.02 0.05 0.00 0.13 0.00 0.05 0.00 0.03 0.035 
phi033-4 0.88 0.75 0.80 0.52 0.65 0.55 0.95 0.65 0.40 0.82 0.781 
phi033-5 0.00 0.00 0.05 0.00 0.10 0.08 0.00 0.00 0.00 0.00 0.011 
ph!033-6 0.07 0.00 0.00 0.18 0.00 0.12 0.00 0.30 0.60 0.13 0.129 
phi053-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.001 
phi053-2 0.18 0.00 0.48 0.75 0.60 0.17 0.75 0.05 0.45 0.40 0.384 
phi053-3 0.00 0.00 0.02 0.05 0.00 0.15 0.00 0.00 0.00 0.08 0.072 
phi053-4 0.27 0.30 0.00 0.08 0.15 0.03 0.05 0.55 0.00 0.07 0.089 
phi053-5 0.03 0.00 0.00 0.00 0.00 0.04 0.05 0.00 0.00 0.00 0.006 
phi053-6 0.08 0.00 0.00 0.00 0.00 0.13 0.00 0.00 0.20 0.01 0.023 
phi053-7 0.12 0.70 0.50 0.12 0.25 0.48 0.15 0.40 0.35 0.41 0.393 
phi053-8 0.32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.032 
phi072-l 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.003 
phi072-2 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.001 
phi072-3 0.43 0.95 0.33 0.33 0.50 0.20 0.25 0.75 0.35 0.32 0.339 
phi072-4 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.02 0.014 
phi072-5 0.14 0.05 0.17 0.20 0.50 0.26 0.60 0.25 0.65 0.43 0.382 
phi072-6 0.43 0.00 0.50 0.47 0.00 0.34 0.15 0.00 0.00 0.18 0.213 
phi072-7 0.00 0.00 0.00 0.00 0.00 0.14 0.00 0.00 0.00 0.05 0.048 
phi093-l 0.27 0.60 0.30 0.00 0.05 0.09 0.40 0.20 0.10 0.23 0.215 
ph!093-2 O i l  0.25 0.48 0.00 0.20 0.28 0.35 0.45 0.05 0.10 0.139 
Table 12. (Continued). 
COUNTRIES 
Locus- Argentina Bolivia Brazil Chile Ecuador Mexico Paraguay Peru Uruguay USA Overall 
Allele (3) (1) (2) (2) (1) (5) (1) (1) C) (29) (56) 
phi093-3 0.27 0.10 0.22 0.82 0.50 0.25 0.25 0.35 0.80 0.58 0.512 
phi093-4 0.00 0.00 0.00 0.05 0.00 0.10 0.00 0.00 0.00 0.05 0.046 
phi093-5 0.35 0.05 0.00 0.13 0.25 0.28 0.00 0.00 0.05 0.04 0.088 
phi024-l 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.004 
phi024-2 0.12 0.00 0.12 0.50 0.00 0.28 0.35 0.00 0.00 0.55 0.446 
phi024-3 0.24 0.00 0.10 0.44 0.22 0.42 0.30 0.00 0.00 0.15 0.176 
phi024-4 0.47 1.00 0.78 0.00 0.00 0.24 0.25 1.00 0.00 0.18 0.241 
phi024-5 0.12 0.00 0.00 0.06 0.22 0.00 0.00 0.00 0.94 0.10 0.102 
phi024-6 0.05 0.00 0.00 0.00 0.56 0.01 0.10 0.00 0.06 0.00 0.017 
phi024-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.014 
phi08S-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.032 
phi085-2 0.48 0.30 0.02 0.00 0.11 0.27 0.25 0.00 0.35 0.27 0.255 
phi085-3 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.002 
phi085-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.001 
phi085-5 0.04 0.55 0.03 0.42 0.56 0.28 0.30 0.00 0.30 0.03 0.105 
phi08S-6 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.005 
phi08S-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.007 
phi085-8 0.48 0.15 0.95 0.58 0.33 0.39 0.45 1.00 0.35 0.63 0.593 
phi034-l 0.15 0.06 0.02 0.22 0.30 0.31 0.20 0.00 0.75 0.16 0.183 
phi034-2 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.001 
phi034-3 0.26 0.00 0.00 0.00 0.00 0.00 0.00 0.28 0.00 0.00 0.018 
phi034-4 0.00 0.00 0.00 0.08 0.10 0.03 0.00 0.00 0.00 0.14 0.105 


























phi034-5 0.00 0.00 0.50 0.30 0.35 0.01 0.30 0.00 0.00 0.35 0.286 
phi034-6 0.33 0.94 0.18 0.32 0.25 0.39 0.05 0.72 0.05 0.32 0.328 
phi034-7 0.26 0.00 - 0.30 0.08 0.00 0.25 0.40 0.00 0.20 0.02 0.078 
phi034-8 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.001 
philZI-l 0.95 1.00 1.00 1.00 1.00 0.97 1.00 1.00 1.00 0.97 0.980 
phil 21-2 0.03 0.00 0.00 000 0.00 0.03 0.00 0.00 0.00 0.02 0.015 
phi!2l-3 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.005 
phi056-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0! 0.001 
phi056-2 0.10 0.00 0.42 0.00 0.00 0.13 0.10 0.05 0.10 0.02 0.055 
phi056-3 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.001 
phi056-4 0.02 0.00 0.03 0.00 0.00 0.02 0.05 0.00 0.00 0.00 0.004 
phiOS6-5 0.35 0.00 0.10 0.50 0.15 0.59 0.35 0.35 0.05 0.48 0.448 
phi056-6 0.42 1.00 0.00 0.30 0.80 O i l  0.10 0.60 0.40 0.36 0.344 
phi056-7 0.11 0.00 0.45 0.15 0.05 0.08 0.35 0.00 0.45 0.07 0.098 
phi056-8 0.00 0.00 0.00 0.05 0.00 0.06 0.05 0.00 0.00 0.06 0.049 
phi064-l 0.08 0.00 0.00 0.20 0.20 0.04 0 10 0.00 0.00 0.10 0.093 
phi064-2 0.32 0.00 0.12 0.12 0.20 0.19 0.45 0.00 0.60 0.18 0.193 
phi064-3 0.07 0.00 0.00 0.00 0.20 0.24 0.10 0.00 0.40 0.02 0.049 
phi064-4 0.07 0.90 0.25 0.05 0.20 0.08 0.05 0.30 0.00 0.12 0.129 
phi064-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.017 
phi064-6 0.23 0.00 0.00 0.28 0.00 0.08 0.05 0.00 0.00 0.05 0.067 
phi064-7 0.13 0.10 0.58 0.22 0.10 0.22 0.20 0.15 0.00 0.41 0.354 
phi064-8 0.00 0.00 0.00 0.00 0.05 0.00 0.05 0.20 0.00 0.01 0.009 
Table 12. (Continued). 
COUNTRIES 
Locus- Argentina Bolivia Brazil Chile Ecuador Mexico Paraguay Peru Uruguay USA Overal 
Allele (3) (1) (2) (2) (I) (5) (1) <l> (1) (29) (56) 
phi064-9 0.10 0.00 0.05 0.13 0.05 0.14 0.00 0.35 0.00 0.04 0.058 
phi064-l0 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.04 0.031 
phiOSO-l 0.05 0.00 0.08 0.00 0.00 0.05 0.00 0.00 0.00 0.03 0.029 
phi0S0-2 0.83 1.00 0.92 0.90 0.85 0.83 100 1.00 1.00 0.85 0.861 
phiOSO-3 0.12 0.00 0.00 0.10 0.15 0.12 0.00 0.00 0.00 0.12 0.110 
phi96IOO-l 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.003 
phi96IOO-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.002 
phi96100-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.001 
phi96100-4 0.02 0.00 0.00 0.00 0.00 0.05 0.05 0.00 0.00 0.01 0.007 
phi96IOO-5 0.15 0.30 0.63 0.10 0.05 0.37 0.30 0.70 0.50 0.08 0.160 
phi96IOO-6 0.08 0.00 0.02 0.00 0.00 0.01 0.10 0.05 0.00 0.02 0.025 
phi96100-7 0.28 0.30 0.23 0.00 0.00 0.04 0.45 0.00 0.05 0.08 0.096 
phi96100-8 0.02 0.00 0.12 0.38 0.00 0.23 0.05 0.00 0.35 0.28 0.242 
phi96100-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.001 
phi96IOO-IO 0.45 0.40 0.00 0.30 0.95 0.27 0.05 0.15 0.10 0.52 0.455 
ph!96l00-ll 0.00 0.00 0.00 0.22 0.00 0.00 0.00 0.00 0.00 0.00 0.008 
philOl 249-1 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.02 0.016 
phil 01249-2 0.87 0.25 0.48 0.48 0.70 0.53 0.80 0.25 0.65 0.35 0.420 
philOI249-3 0.09 0.05 0.37 0.40 0.25 0.36 0.10 0.00 0.25 0.27 0.264 
phi 101249-4 0.00 0.00 0.00 0.10 0.00 0.03 0.00 0.55 0.00 0.06 0.060 
philOI249-5 0.04 0.00 0.15 0.00 0.00 0.02 0.00 0.05 0.00 0.01 0.012 
phil 01249-6 0.00 0.70 0.00 0.02 0.05 0.00 0.10 0.15 0.10 0.24 0.191 
Table 12. (Continued). 
COUNTRIES 
Locus- Argentina Bolivia Brazil Chile Ecuador Mexico Paraguay Peru Uruguay USA Overall 
Allele (3) (1) (2) (2) (1) (5) (1) (1) (1) (29) (56) 
phi 101249-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.005 
philOI249-8 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.04 0.032 
phi 109188-1 0.00 0.00 0.00 0.00 0.95 0.03 0.00 0.00 0.00 0.02 0.035 
phll09l88-2 0.02 0.00 0.02 0.00 0.00 0.03 0.10 0.00 0.00 0.01 0.007 
phil09l88-3 0.03 0.00 0.00 0.00 0.00 0.11 0.00 0.05 0.45 0.01 0.022 
phil09l88-4 0.68 1.00 0.55 0.48 0.00 0.17 0.70 0.85 0.15 0.59 0.550 
phi 109188-5 0.27 0.00 0.00 0.37 0.00 0.41 0.10 0.00 0.40 0.25 0.247 
phil09l88-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.067 
phi109188-7 0.00 0.00 0.43 0.15 0.05 0.23 0.05 0.05 0.00 0.03 0.068 
phil09l88-8 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.05 0.00 0.00 0.002 
phi 109188-9 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.002 
phi029-l 0.70 0.00 0.50 0.45 0.00 0.41 0.28 0.00 0.25 0.22 0.267 
phi029-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.018 
phi029-3 0.30 0.00 0.50 0.29 0.00 0.43 0.72 0.00 0.75 0.45 0.455 
phi029-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.002 
phi029-5 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.01 0.012 
phi029-6 0.00 0.00 0.00 0.13 0.00 0.16 0.00 0.00 0.00 0.26 0.220 
phi029-7 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.03 0.026 
phi073-l 0.17 0.00 0.00 0.00 0.00 0.03 0.22 0.00 0.00 0.14 0.112 
phi073-2 0.48 0.00 0.00 0.14 0.00 0.13 0.00 0.00 0.00 0.41 0.317 
phi073-3 0.02 0.70 0.32 O i l  0.33 0.53 0.06 0.60 0.30 0.21 0.253 
phi073-4 0.33 0.30 0.68 0.75 0.67 0.30 0.72 0.40 0.60 0.24 0.315 
phi073-5 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.10 0.00 0.003 
Table 12. (Continued). 
COUNTRIES 
Locus- Argentina Bolivia Brazil Chile Ecuador Mexico Paraguay Peru Uruguay USA Overal 
Allele (3) (1) (2) (2) (1) (5) (1) (1) (1) (29) (56) 
phi96342-l 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.003 
phi96342-2 0.00 0.00 0.10 0.08 0.00 0.00 0.15 0.45 0.00 0.01 0.018 
phi96342-3 0.58 0.05 0.27 0.50 0.75 0.84 0.55 0.55 0.95 0.41 0.474 
phi96342-4 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.03 0.023 
phi96342-5 0.42 0.95 0.63 0.42 0.25 0.08 0.30 0.00 0.05 0.55 0.482 
phi 109275-1 0.29 0.00 0.22 0.16 0.00 0.12 0.39 0.45 0.30 0.08 0.117 
phi!09275-2 0.03 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.03 0.024 
phi 109275-3 0,45 0.45 0.68 0.47 0.25 0.26 0.33 0.15 0.20 0.60 0.531 
phi 109275-4 0.07 0.00 0.08 0.00 0.00 0.09 0.22 0.00 0.00 0.01 0.025 
phi!09275-S 0.13 0.50 0.02 0.00 0.40 0.24 0.00 0.30 0.40 0.22 0.212 
phi!09275-6 0.03 0.05 0.00 0.37 0.35 0.26 0.06 0.10 0.10 0.06 0.091 
phi4279l3-l 0.00 0.00 0.02 0.00 0.15 0.03 0.00 0.00 0.05 0.00 0.007 
phi4279l3-2 0.00 0.00 0.05 0.00 0.00 0.06 0.00 0.15 0.00 0.01 0.012 
ph4i279l3 3 0.15 0.00 0.00 0.28 0.25 0.08 0.00 0.00 0.45 0.20 0.183 
phi4279l3-4 0.00 0.00 0.00 0.00 0.00 0.13 0.00 0.00 0.00 0.06 0.054 
phi4279l3-S 0.00 0.00 0.10 0.00 0.00 0.10 0.00 0.10 0.00 0.0 i 0.016 
phi4279l3-6 0.78 1.00 0.68 0.32 0.50 0.51 1.00 0.75 0.15 0.61 0.610 
phi4279l3-7 0.07 0.00 0.15 0.40 0.10 0.08 0.00 0.00 0.35 0.10 0.112 
phi427913-8 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.001 
phi4279l3-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.005 
phi265454-l 0.31 0.70 0.41 0.68 0.17 0.20 0.40 0.14 0.00 0.61 0.533 
phi265454-2 0.17 0.00 0.44 0.15 0.00 0.22 0.35 0.15 0.11 0.03 0.075 
phi265454-3 0.33 0.20 0.00 0.00 O i l  0.05 0.00 0.57 0.00 0.01 0.041 
Table 12. (Continued). 
COUNTRIES 
Locus- Argentina Bolivia Brazil Chile Ecuador Mexico Paraguay Peru Uruguay USA Overall 
Allele (3) (1) (2) (2) (1) (5) (1) (1) (1) (29) (56) 
phi265454-4 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.19 0.138 
phi265454-S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.01 0.005 
phi265454-6 0.06 0.10 0.15 0.12 0.72 0.40 0.25 0.07 0.83 0.10 0.152 
phi265454-7 0.00 0.00 0.00 0.00 0.00 0.13 0.00 0.00 0.00 0.01 0.018 
phi265454-8 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.04 0.038 
phi402893-l 0.00 0.00 0.00 0.00 0.00 0.11 0.00 0.00 0.00 0.03 0.034 
phi402893-2 0.82 0.75 0.80 0.48 0.60 0.44 0.90 0.80 0.45 0.75 0.718 
phi402893-3 0.08 0.25 0.00 0.52 0.35 0.23 0.00 0.00 0.00 0.03 0.075 
phi402893-4 0.00 0.00 0.20 0.00 0.00 0.03 0.05 0.20 0.00 0.01 0.022 
phi402893-5 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.01 0.002 
phi402893-6 0.00 0.00 0.00 0.00 0.00 0.14 0.00 0.00 0.05 0.12 0.097 
ph!402893-7 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.02 0.022 
phi402893-8 0.03 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.25 0.03 0.026 
phi402893-9 0.00 0.00 0.00 0.00 0.05 0.04 0.00 0.00 0.00 0.00 0.004 
phi346482-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.001 
phi346482-2 0.18 0.00 0.10 0.40 0.10 0.30 0.30 0.00 0.60 0.22 0.231 
phi346482-3 0.02 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.01 0.010 
phi346482-4 0.80 1.00 0.90 0.60 0.90 0.64 0.70 1.00 0.40 0.76 0.756 
phi346482-5 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.002 
phi308090-l 0.02 0.00 0.00 0.20 0.00 0.01 0.00 0.00 0.00 0.27 0.200 
phi308090-2 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.005 
phi308090-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.002 
Table 12. (Continued). 
COUNTRIES 
Locus- Argentine Bolivia Brazil Chile Ecuador Mexico Paraguay Peru Uruguay USA Overall 
Allele (3) (1) (2) (2) (1) (5) (1) (1) (1) (29) (56) 
phi308090-4 0.32 0.60 0.50 0.48 0.35 0.25 0.45 0.35 0.40 0.57 0.508 
phi308090-5 0.66 0.40 0.50 0.32 0.65 0.68 0.55 0.65 0.60 0.15 0.285 
phi330507-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.001 
phi330507-2 0.50 1.00 0.12 0.78 0.80 0.71 0.50 1.00 0.60 0.93 0.839 
phl330S07-3 0.35 0.00 0.68 0.00 0.15 0.13 0.35 0.00 0.40 0.04 0.105 
phi330507-4 0.15 0.00 0.20 0.22 0.05 0.09 0.15 0.00 0.00 0.02 0.049 
phi330507-5 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.001 
phi330507-6 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.005 
phi213984-1 0.00 0.00 0.00 0.00 0.00 0.02 0.05 0.00 0.50 0.09 0.080 
phi213984-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.001 
ph 1213984-3 1.00 1.00 1.00 1.00 1.00 0.98 0.95 1.00 0.50 0.90 0.919 
phi3390!7-l 0.82 0.90 0.62 0.89 0.60 0.67 0.75 0.30 0.80 0.88 0.826 
phi3390l7-2 0.18 0.00 0.38 O i l  0.10 0.19 0.20 0.70 0.20 0.09 0.130 
phi3390l7-3 0.00 0.10 0.00 0.00 0.30 0.14 0.05 0.00 0.00 0.03 0.044 
phi 159819-1 0.20 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.19 0.148 
phil598l9-2 0.12 0.35 0.83 0.60 0.30 0.74 0.50 0.05 0.40 0.49 0.492 
phi 159819-3 0.06 0.05 0.00 0.37 0.10 0.12 0.05 0.35 0.60 0.03 0.072 
phil598l9-4 0.10 0.00 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.05 0.039 
phi 159819-5 0.52 0.60 0.17 0.03 0.20 0.14 0.45 0.60 0.00 0.24 0.249 
Table 13. Gene frequencies of 198 alleles scored for 31 SSR loci averaged by groups of accessions according to the groups 
resulting from cluster analysis of the morphological characters. 
GROUPS OF POPCORN 
Locus-














phi 127-1 112 0.56 0.30 0.43 0.43 0.14 0.98 0.375 
phi!27-2 114 0.00 0.00 0.05 0.12 0.00 0.00 0.031 
phi 127-3 124 0.17 0.01 0.14 0.36 0.44 0.02 0.256 
phil 27-4 126 0.27 0.68 0.38 0.06 0.42 0.00 0.332 
phil27-5 128 0.00 0.00 0.00 0.03 0.00 0.00 0.005 
phil 27-6 130 0.00 0.01 0.00 0.00 0.00 0.00 0.001 
phiOSI-l 137 0.00 0.00 0.01 0.00 0.00 0.00 0.002 
phiOSI 2 140 0.12 0.16 0.24 0.31 0.03 0.50 0.173 
phi05l-3 142 0.09 0.31 0.49 0.36 0.18 0.50 0.282 
phi05l-4 144 0.79 0.53 0.25 0.30 0.79 0.00 0.536 
phiOSI-5 146 0.00 0.00 0.01 0.00 0.00 0.00 0.002 
phi051-6 148 0.00 0.00 0.00 0.03 0.00 0.00 0.005 
phi II5-1 292 0.11 0.31 0.29 0.13 0.57 0.45 0.325 
phil 15-2 295 0.00 0.00 0.00 0.00 0.01 0.00 0.001 
phil 15-3 304 0.89 0.69 0.71 0.87 0.42 0.55 0.674 
phiOlS-l 86 O i l  0.41 0.17 0.26 0.01 0.53 0.171 
phiOI5-2 89 0.10 0.00 0.02 0.15 0.00 0.00 0.052 
phiOIS 3 92 0.00 0.00 0.01 0.01 0.00 0.00 0.003 
phiOIS 4 98 0.44 0.47 0.49 0.26 0.77 0.47 0.517 
phiOI5-5 101 0.00 0.00 0.01 0.09 0.01 0.00 0.019 
phiOI5-6 104 0.35 0.12 0.30 0.23 0.21 0.00 0.238 
Table 13. (Continued). 
GROUPS OF POPCORN 
Locus- Pointed Early Reference Latin American Yellow Prolific Overall 
Allele Size (bp) Popcorns Popcorns Populations Popcorns Popcorns Popcorns 
phi033-l 243 0.03 0.04 0.01 0.03 0.00 0.00 0.016 
phi033-2 246 0.00 0.01 0.06 0.07 0.01 0.00 0.028 
phi033-3 249 0.00 0.00 0.02 0.16 0.00 0.00 0.035 
phi033-4 252 0.70 0.95 0.62 0.65 0.91 1.00 0.781 
phi033-5 254 0.02 0.00 0.01 0.02 0.00 0.00 0.0 II 
phi033-6 258 0.25 0.00 0.28 0.07 0.08 0.00 0.129 
phi053-l 166 0.00 0.00 0.00 0.00 0.01 0.00 0.001 
phiOS3-2 169 0.12 0.13 0.29 0.29 0.83 0.00 0.384 
phi053-3 176 0.00 0.00 0.14 0.10 0.04 0.48 0.072 
phi053-4 183 0.28 0.05 0.04 0.10 0.00 0.00 0.089 
phi053-5 187 0.03 0.00 0.00 0.01 0.00 0.00 0.006 
phiOS3-6 191 0.01 0.00 0.05 0.06 0.00 0.00 0.023 
phi053-7 194 0.55 0.79 0.43 0.35 0.12 0.52 0.393 
phi053-8 212 0.01 0.03 0.05 0.09 0.00 0.00 0.032 
phi072-l 133 0.00 0.00 0.02 0.00 0.00 0.00 0.003 
phi072-2 139 0.00 0.00 0.0! 0.00 0.00 0.00 0.001 
phi072-3 143 0.65 0.17 0.30 0.28 0.23 0.52 0.339 
phi072-4 146 0.00 0.10 0.00 0.01 0.00 0.00 0.014 
phi072-5 151 0.12 0.32 0.30 0.29 0.75 0.00 0.382 
phi072-6 154 0.23 0.12 0.36 0.37 0.02 0.48 0.213 
phi072-7 163 0,00 0.29 0.01 0.05 0.00 0.00 0.048 
Table 13. (Continued). 
GROUPS OF POPCORN 
Locus-














phi093-l 285 0.15 0.33 0.13 0.19 0.24 0.50 0.215 
phi093-2 288 0.23 0.10 0.18 0.26 0.01 0.00 0.139 
ph!093-3 290 0.43 0.40 0.62 0.28 0.71 0.50 0.512 
phi093-4 293 0.14 0.00 0.03 0.05 0.02 0.00 0.046 
phi093-5 294 0.05 0.17 0.04 0.02 0.02 0.00 0.088 
phi024-l 357 0.01 0.00 0.01 0,00 0.00 0.00 0.004 
phi024-2 360 0.40 0.54 0.37 0.13 0.64 0.98 0.446 
phi024-3 363 0.06 0.16 0.27 0.21 0.20 0.02 0.176 
phi024-4 366 0.48 0.12 0.18 0.50 0.01 0.00 0.241 
phi024-S 369 0.03 0.18 0.16 0.02 0.15 0.00 0.102 
phi024-6 372 0.01 0.00 0.01 0.07 0.00 0.00 0.017 
phi024-7 375 0.00 0.00 0.00 0.07 0.00 0.00 0.014 
phi085-l 235 0.20 0.03 0.00 0.00 0.00 0.00 0.032 
phi085-2 237 0.40 0.76 0.31 0.10 0.00 0.50 0.255 
phi085-3 243 0.00 0.01 0.00 0.01 0.00 0.00 0.002 
phi085-4 248 0.00 0.00 0.00 0.00 0.01 0.00 0.001 
phi085-5 253 0.11 0.04 0.24 0.21 0.01 0.03 0.105 
phi085-6 255 0.00 0.00 0.00 0.03 0.00 0.00 0.005 
phi085-7 259 0.00 0.01 0.00 0.02 0.00 0.00 0.007 
phi085-8 261 0.29 0.15 0.45 0.63 0.98 0.47 0.593 
phi034-1 123 0.20 0.24 0.35 0.15 0.04 0.50 0 183 
phi034-2 129 0.00 0.00 0.00 0.01 0.00 0.00 0.001 
phi034-3 132 0.07 0.00 0.00 0.02 0.00 0.00 0.018 
Table 13. (Continued). 
GROUPS OF POPCORN 
Locus- Pointed Early Reference Latin American Yellow Prolific Overall 
Allele Size (bp) Popcorns Popcorns Populations Popcorns Popcorns Popcorns 
phi034-4 135 0.39 0.17 0.02 0.01 0.02 0.00 0.105 
phi034-5 138 0.05 0.01 0.03 0.15 0.77 0.50 0.286 
ph!034-6 142 0.29 0.57 0.46 0.38 0.17 0.00 0.328 
phi034-7 145 0.00 0.01 0.14 0.27 0.00 0.00 0.078 
phi034-8 148 0.00 0.00 0.00 0.01 0.00 0.00 0.001 
phil2l-l 98 0.99 1.00 0.90 0.98 0.99 1.00 0.980 
phi!21-2 101 0.01 0.00 0.07 0.01 0.01 0.00 0.015 
phil21-3 107 0.00 0.00 0.03 0.01 0.00 0.00 0.005 
phi056-l 240 0.00 0.00 0.01 0.00 0.00 0.00 0.001 
phi056-2 248 0.01 0.02 0.12 0.15 0.00 0.02 0.055 
phi056-3 251 0.00 0,00 0.00 0.01 0.00 0.00 0.001 
phi056-4 254 0.01 0.00 0.01 0.01 0.00 0.00 0.004 
phiOS6-5 257 0.19 0.19 0.28 0.40 0.86 0.50 0.448 
phi056-6 260 0.60 0.69 0.40 0.20 0.06 0.45 0.344 
phi056-7 262 0.19 0.09 0.13 0.14 0.00 0.03 0.098 
phi056-8 265 0.00 0.00 0.05 0.09 0.08 0.00 0.049 
phi064-l 75 0.02 0.49 0.06 0.05 0.03 0.02 0.093 
phi064-2 78 0.23 0.31 0.22 0.22 0.04 0.48 0.193 
phi064-3 84 0.02 0.00 0.17 0.09 0.00 0.00 0.049 
phi064-4 86 0.35 0.06 0.05 O i l  0.08 0.00 0.129 
phi064-5 92 0.00 0.00 O i l  0.00 0.00 0.00 0.017 
phi064-6 95 0.01 0.03 0.03 0.12 0.12 0.00 0.067 
phi064-7 99 0.20 0.07 0.13 0.30 0.73 0.50 0.354 
Table 13. (Continued). 
GROUPS OF POPCORN 
Locus- Pointed Early Reference Latin American Yellow Prolific Overall 
Allele Size (bp) Popcorns Popcorns Populations Popcorns Popcorns Popcorns 
phi064-8 102 0.00 0.00 0.02 0.03 0.00 0.00 0.009 
phi064-9 106 0.11 0.04 0.10 0.07 0.00 0.00 0.058 
phi064-l0 110 0.06 0.00 0.11 0.01 0.00 0.00 0.031 
phi050-l 80 0.01 
phi050-2 84 0.88 
phiOSO-3 86 0.11 
phi96IOO-l 234 0.00 
phi96IOO-2 261 0.00 
phi96IOO-3 267 0.00 
phi96IOO-4 269 0.01 
phi96IOO-5 277 0.06 
phi96100-6 280 0.01 
phi96IOO-7 284 0.03 
phi96IOO-8 289 0.15 
phi96IOO-9 294 0.00 
phi96IOO-IO 296 0.74 
phi96IOO-ll 300 0.00 
phil01249-l 118 0.00 
philOI249-2 122 0.37 
philOI249-3 126 0.23 
philOl 249-4 130 0.11 
philOl 249-5 132 0.01 
philOI249-6 145 0.28 
0.06 0.06 0.04 
0.77 0.80 0.85 
0.17 0.14 0.11 
0.00 0.00 0.01 
0.00 0.00 0.01 
0.00 0.00 0.01 
0.00 0.01 0.02 
0.00 0.22 0.44 
0.01 0.05 0.04 
0.19 0.11 0.16 
0.12 0.29 0.10 
0.00 0.00 0.01 
0.68 0.27 0.20 
0.00 0.05 0.00 
0.00 0.02 0.00 
0.18 0.37 0.68 
0.15 0.26 0.19 
0.14 0.02 0.05 
0.00 0.02 0.04 
0.51 0.28 0.03 
0.01 0.00 0.029 
0.91 I 00 0.861 
0.08 0.00 0.110 
0.00 0.00 0.003 
0.00 0.00 0.002 
0.00 0.00 0.001 
0.00 0.00 0.007 
0.09 0.02 0.160 
0.01 0.08 0.025 
0.00 0.50 0.096 
0.41 0.40 0.242 
0.00 0.00 0.001 
0.49 0.00 0.455 
0.00 0.00 0.008 
0.04 0.00 0.016 
0.46 0.00 0.420 
0.41 0.02 0.264 
0.02 0.05 0.060 
0.00 0.00 0.012 
0.01 0.50 0.191 
Table 13. (Continued). 
GROUPS OF POPCORN 
Locus-

















































































































phi029-l 150 0.30 
phi029-2 152 0.00 
phi029-3 154 0.23 
phi029-4 156 0.00 
phi029-5 158 0.03 
phi029-6 161 0.44 
phi029-7 165 0.00 
phi073-l 186 0.03 
phi073-2 189 0.22 
phi073-3 192 0.38 
phi073-4 194 0.37 
phi073-5 197 0.00 
0.31 0.45 0.48 
0.07 0.05 0.00 
0.02 0.24 0.43 
0.00 0.01 0.00 
0.00 0.02 0.00 
0.44 0.23 0.09 
0.16 0.00 0.00 
0.00 0.17 0.08 
0.11 0.21 0.13 
0.45 0.30 0.38 
0.44 0.31 0.40 
0.00 0.01 0.01 
0.09 0.00 0.267 
0.00 0.00 0.018 
0.85 0.52 0.455 
0.00 0.00 0.002 
0.01 0.00 0.012 
0.04 0.48 0.220 
0.01 0.00 0.026 
0.21 0.00 0.112 
0.67 0.48 0.317 
0.00 0.00 0.253 
0.12 0.52 0.315 
0.00 0.00 0.003 
Table 13. (Continued). 
GROUPS OF POPCORN 
Locus- Pointed Early Reference Latin American Yellow Prolific Overall 
Allele Size (bp) Popcorns Popcorns Populations Popcorns Popcorns Popcorns 
phi96342-l 233 0.01 0.00 0.00 0.00 0.00 0.00 0.003 
phi96342-2 238 0.00 0.00 0.02 0.07 0.00 0.00 0.018 
phi96342-3 243 0.49 0.24 0.73 0.57 0.41 0.02 0.474 
phi96342-4 247 0.01 0.00 001 0.10 0.01 0.00 0.023 
phi96342-S 250 0.49 0.76 0.24 0.26 0.58 0.98 0.482 
phi109275-1 122 0.01 0.27 0.19 0.25 0.01 0.02 0.117 
phil0927S-2 125 0.00 0.16 0.00 0.02 0.00 0.00 0.024 
phi109275-3 129 0.26 0.49 0.35 0.41 0.86 0.98 0.531 
phi!09275-4 131 0.01 0.00 0.04 0.08 0.01 0.00 0.025 
phi 109275-5 135 0.70 0.08 0.15 0.11 0.06 0.00 0.212 
phi 109275-6 140 0.02 0.00 0.27 0.13 0.06 0.00 0.091 
phi4279l3-l 117 0.00 0.00 0.01 0.03 0.00 0.00 0.007 
phi4279!3-2 120 0.00 0.00 0.04 0.03 0.00 0.00 0.012 
ph4i279l3-3 123 0.01 0.00 0.15 0.08 0.46 0.25 0.183 
phi4279l3-4 125 0.00 0.21 0.09 0.07 0.00 0.00 0.054 
phi4279l3-5 129 0.03 0.00 0.02 0.03 0.01 0.00 0.016 
phi4279l3-6 131 0.90 0.51 0.37 0.67 0.53 0.72 0.610 
phi4279l3-7 134 0.06 0.28 0.29 0.08 0.00 0.03 0.112 
phi4279l3-8 137 0.00 0.00 0.00 0.01 0.00 0.00 0.001 
phi4279l3-9 144 0.00 0.00 0.03 0.00 0.00 0.00 0.005 
Table 13. (Continued). 
GROUPS OF POPCORN 
Locus- Pointed Early Reference Latin American Yellow Prolific Overall 
Allele Size (bp) Popcorns Popcorns Populations Popcorns Popcorns Popcorns 
phi26S454-l 220 0.33 0.83 0.44 0.39 0.62 1.00 0.533 
phi265454-2 223 0.02 0.00 0.15 0.25 0.00 0.00 0.075 
phi265454-3 225 0.11 0.00 0.02 0.09 0.00 0.00 0.041 
phi265454-4 228 0.16 0.09 0.00 0.00 0.32 0.00 0.138 
phi2654S4-5 230 0.01 0.01 0.00 0.01 0.00 0.00 0.005 
phi2654S4-6 232 0.29 0.06 0.35 0.17 0.00 0.00 0.152 
phi2654S4-7 235 0.02 0.00 0.03 0.05 0.00 0.00 0.018 
phl265454-8 238 0.06 0.00 0.01 0.04 0.06 0.00 0.038 
phi402893-l 209 0.00 0.05 0.14 0.02 0.00 0.00 0.034 
phi402893-2 215 0.67 0.94 0.48 0.66 0.80 1.00 0.718 
ph 1402893-3 221 0.14 0.00 0.18 0.07 0.01 0.00 0.075 
phi402893-4 224 0.00 0.00 0.06 0.06 0.00 0.00 0.022 
phi402893-5 227 0.00 0.01 0.00 0.01 0.00 0.00 0.002 
phi402893-6 230 0.09 0.00 0.01 0.12 0.19 0.00 0.097 
phi402893-7 233 0.00 0.00 0.07 0.05 0.00 0.00 0.022 
phi402893-8 237 0.10 0.00 0.04 0.00 0.00 0.00 0.026 
ph«402893-9 240 0.00 0.00 0.02 0.01 0.00 0.00 0.004 
phi346482-l 120 0.00 0.00 0.00 0.00 0.01 0.00 0.001 
phi346482-2 123 0.12 0.00 0.24 0.24 0.29 1.00 0.231 
phi346482-3 126 0.00 0.00 0.00 0.02 0.02 0.00 0.010 
phi346482-4 129 0.87 1.00 0.75 0.74 0.68 0.00 0.756 
phi346482-5 131 0.01 0.00 0.01 0.00 0.00 0.00 0.002 
Table 13. (Continued). 
GROUPS OF POPCORN 
Locus- Pointed Early Reference Latin American Yellow Prolific Overall 
Allele Size (bp) Popcorns Popcorns Populations Popcorns Popcorns Popcorns 
phi308090-l 212 0.02 0.13 O i l  0.00 0.57 0.00 0.200 
phi308090-2 215 0.00 0.00 0.00 0.03 0.00 0.00 0.005 
phi308090-3 219 0.00 0.00 0.00 0.00 0.01 0.00 0.002 
pM308090-4 221 0.75 0.84 0.46 0.39 0.30 0.50 0.508 
phi308090-5 224 0.23 0.03 0.43 0.58 0.12 0.50 0.285 
ph1330507-1 133 0.00 0.00 0.00 0.00 0.01 0.00 0.001 
plii330507-2 136 0.98 1.00 0.66 0.58 0.98 0.50 0.839 
phi330507-3 142 0.01 0.00 0.16 0.29 0.01 0.50 0.105 
phi330507-4 145 0.00 0.00 0.18 0.10 0.00 0.00 0.049 
phi330507-5 148 0.01 0.00 0.00 0.00 0.00 0.00 0.001 
phi330507-6 152 0.00 0.00 0.00 0.03 0.00 0.00 0.005 
phi213984-1 288 0.00 0.00 0.19 0.02 0.10 0.45 0.080 
phi213984-2 303 0.00 0.00 0.00 0.00 0.01 0.00 0.001 
phi213984-3 305 1.00 1.00 0.81 0.98 0.89 0.55 0.919 
phi3390l7-l 148 0.95 0.79 0.89 0.69 0.86 0.52 0.826 
phi3390l7-2 151 0.04 0.03 0.09 0.23 0.14 0.48 0.130 
phi3390!7-3 154 0.01 0.18 0.02 0.08 0.00 0.00 0.044 
phi 159819-1 123 0.16 0.14 0.09 0.07 0.25 0.00 0.148 
philS98l9-2 126 0.34 0.51 0.38 0.49 0.65 0.52 0.492 
phi 159819-3 129 0.04 0.00 0.25 O i l  0.00 0.00 0.072 
phi!598l9-4 135 0.00 0.06 0.13 0.04 0.01 0.00 0.039 
phi 159819-5 138 0.45 0.29 0.15 0.29 0.09 0.48 0.249 
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The popcorn populations evaluated included some loci with alleles falling outside the 
expected allelic range as determined so far for dent com. The locus phi 127 had an expected 
allelic range from 105 to 126 bp (Table 5), but two previously undescribed alleles larger than 
126 bp (128 and 130) were identified, although they are, certainly, low-frequency alleles. 
The locus phi053, with an expected allelic range 169-213 (Table 5) produced a 166 bp allele 
at an overall frequency of 0.001. In the case of the locus phi 109188, the expected allelic size 
ranged from 148 to 172 bp (Table 5), however, two new alleles of 176 and 180 bp, which can 
be considered rare, were found only in Latin American populations, both at a frequency of 
0.002 (Table 13). 
There were a considerable number of alleles found exclusively in particular 
populations, or private alleles. Table 14 lists those alleles. Though most of them are present 
at low frequencies, some of the private alleles have such a high frequency that they are the 
predominant ones in the respective population; for example allele phi024-7 in the Chapalote 
Acc. 9 from Mexico and allele phi96100-l 1 in PG No. 10 from Chile. 65.5% of the private 
alleles are in Latin American accessions, and some of those accessions have several private 
alleles simultaneously, such as Maiz Reventador, having alleles phi085-6, phi034-2 and 
phi96100-1; Chihuahua 129 having alleles phi072-l, phi072-2 and phi 109188-9, making this 
accession the one with the highest combined number of private alleles in this study, as it also 
had two out of the four private alleles found in isozyme loci. The popcorn race Chapalote 
was also remarkably rich in private alleles, as phi024-7 and phi96100-2 were found in 
Chapalote Acc.9, phi056-3 and phi427913-8 in Chapalote Acc. 35, and phi308090-2 and 
phi330507-6 in Maiz Chapalote Acc. 19. 
Although the overall average number of alleles per locus is 6.39, at most of the loci 
there are only two or three predominant alleles, or even one predominant allele in some of 
the tri-allelic loci, such as phil21, phi050 and phi213984, while the rest of the alleles are 
only present at low frequencies (Tables 12 and 13). Table 12 shows the allelic frequencies of 
all the variants found in the 31 SSR loci evaluated in the accessions from the different 
countries. In general, each locus presents particular geographic patterns regarding the 
presence of the most common alleles; for example, in locus phi 127, allele phi 127-4 was the 
most common allele in accessions from USA and Bolivia, phi 127-3 was the most common 
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Table 14. Private alleles found in a group of 31 SSR loci scored in 56 popcorn populations. 
Locus Allele size 
(bp) 
Frequency Found in Population 
phi 127 130 0.05 Tom Thumb Pop 
phiOSl 146 0.10 Unselected Little Red Flint 
phi051 148 0.25 Brazil 2823 
phil 15 295 0.05 CHZM 07 097 
phi053 166 0.05 Nebraska Yellow Pearl 
phi072 133 0.15 Chihuahua 129 
phi072 139 0.05 Chihuahua 129 
phi024 375 0.78 Chapalote Acc. 9 
phi085 248 0.05 Nebraska Supergold x Tom Thumb 
phi085 255 0.25 Maiz Reventador 
phi034 129 0.05 Maiz Reventador 
phi034 148 0.05 Pichinga Redondo 
phi056 240 0.05 Acoma Pueblo 
phi056 251 0.05 Chapalote Acc. 35 
phi96100 234 0.15 Maiz Reventador 
phi96100 261 0.10 Chapalote Acc. 9 
phi96100 267 0.05 Cuzco 31 
phi96100 294 0.05 Cuzco 31 
phi96100 300 0.45 PG No. 10 
phi 109188 180 0.10 Chihuahua 129 
phi96342 233 0.15 Chihuahua 150 
phi427913 137 0.05 Chapalote Acc. 35 
phi427913 144 0.25 Acoma Pueblo 
phi346482 120 0.05 Nebraska Yellow Pearl 
phi308090 215 0.30 Maiz Chapalote 
phi3 30507 133 0.05 IDS-91 
phi330507 148 0.05 Chihuahua 150 
phi330507 152 0.30 Maiz Chapalote 
phi213984 303 0.05 Red Pop 
I l l  
allele in accessions from Argentina and Paraguay, and allele phi 127-1 was the predominant 
one in accessions from Brazil, Chile, Ecuador, Mexico and Peru. The situation is completely 
different for locus phiOSl, where allele phi051-4 was most common in accessions from 
Argentina, Chile, Ecuador, Peru and the USA, allele phi051-3 predominated in accessions 
from Brazil, Paraguay and Uruguay, and allele phi051-2 was most common in accessions 
from Bolivia, Ecuador and Mexico; in other words, when countries are grouped according to 
their most common alleles, the groupings are quite different for each locus. 
The distribution of SSR alleles into different groups of popcorn is shown in Table 13. 
About one third of the loci presented a single allele as predominant in all six groups of 
popcorn defined by the morphological analysis; that is true for phi033, phi093, phil21, 
phiOSO, phi 109188, phi427913, phi265454, phi402893, phi330507, phi213984 and 
phi339017, while the rest of the loci have specific alleles predominating in the different 
groups of popcorn. Although, in a few cases, the Pointed Popcorns share the same dominant 
allele with the Yellow Popcorns (as in loci phiOSl, phi015, phiOSO and phi 101249), the 
general tendency observed is for both groups to have different predominant alleles in most of 
the loci, while the Early and Latin American Popcorns often share predominant alleles with 
the rest of the popcorn groups. Here, it is essential to apply multivariate statistical techniques 
in order to gain further insight into the relationships among those groups of populations. 
Genetic diversity of the accessions as assessed by SSRs 
Genetic variability is described using the following measures: expected heterozygosity, 
number of alleles per locus, and proportion of polymorphic loci for the 56 accessions 
evaluated (Tables 15 and 16). Regarding the expected heterozygosity, it is a very appropriate 
measure of genetic variability, because the expected heterozygosity reflects not only the 
number of alleles present in a certain population but also the gene frequencies of those alleles 
(Pejic et al., 1998). 
The groups presented in Tables 15 and 16 are integrated by a different number of 
accessions, therefore, in order to make comparisons among them, it is more appropriate to 
consider the mean of the values for the individual members of a group rather than the 
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Table 15. Statistics denoting genetic diversity as derived from 31 SSR loci evaluated for 56 




Number of alleles per locus 
(A) 





ARZM 06 073 0.379 0.211 
ARZM 13 073 0.372 0.220 
ARZM 04 014 0.367 0.234 
Mean 0.372 
















No. 1 0.261 0.234 2.00 0.871 64.5 
Brazil 
Brazil 2785 0.372 0.193 
Brazil 2823 0.325 0.207 
Mean 0348 













PG No. 10 0.358 0.229 
CHZM 07 097 0.342 0.204 
Mean 0J50 








































Table 15. (Continued). 
Expected Heterozygosity 
(H) 




Accessions Mean Std. Dev. Mean Std. Dev. (95% criterion) 
Chihuahua 129 0.518 0.219 3.55 1.479 96.7 
Mean 0.453 3.04 90.9 
Estimated as a group 0.581 0.200 5.00 1.732 100.0 
Paraguay 
Pichinga Redondo 0.446 0.243 3.06 1.504 87.1 
Peru 
Cuzco 31 0.366 0.246 2.47 1.224 70.9 
Uruguay 
Uruguay 633 0.442 0.197 2.64 0.877 93.5 
USA 
White Rice Pop 0.289 0.259 2.13 1.074 64.5 
Acoma Pueblo 0.347 0.251 2.53 1.358 70.9 
Chapalote Acc. 9 0.260 0.203 1.93 0.739 70.9 
Unselected Little Red 0.515 0.194 3.48 1.207 96.8 
Flint 
Little Red Flint 0.526 0.165 3.09 1.012 96.8 
Nebr. Supergold X 0.378 0.212 2.35 0.798 87.1 
Tom Thumb 
Nebraska Yellow Pearl 0.277 0.201 2.19 0.833 80.6 
Iopop 12 0.182 0.252 1.38 0.558 35.4 
Yellow Pearl Pop 0.162 0.195 1.67 0.702 54.8 
IDS91 0.040 0.107 1.22 0.560 16.1 
Ohio Yellow 0.089 0.158 1.38 0.615 32.2 
South American Pop 0.146 0.188 1.48 0.508 48.4 
Red Pop 0.028 0.095 1.13 0.340 12.9 
IDS69 0.006 0.023 1.06 0.249 6.4 
IDS28 0.014 0.081 1.03 0.179 3.2 
Supergold 0.061 0.125 1.22 0.425 22.6 
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Table 15. (Continued). 
Expected Heterozygosity Number of alleles per locus % Polymorphic 
(H) (A) loci (P) 
Accessions Mean Std. Dev. Mean Std. Dev. (95% criterion) 
Supergold Popcorn 0.000 0.000 1.00 0.000 0.0 
Sg 1533 0.000 0.000 1.00 0.000 0.0 
HP301 0.005 0.032 1.03 0.179 3.2 
Amber Pearl 0.000 0.000 1.00 0.000 0.0 
Fairfax Brown 0.102 0.180 1.26 0.444 25.8 
Tama Flint 0.293 0.234 2.00 0.856 70.9 
B73 X Mo73 0.322 0.243 1.64 0.486 64.5 
White Rice 0.208 0.206 1.61 0.558 58.0 
Japanese Hulless 0.167 0.206 1.58 0.720 45.1 
Illinois Hulless 0.158 0.218 1.51 0.769 38.7 
Golden Australian 0.115 0.198 1.51 0.851 32.2 
Hulless 
Pinky Popcorn 0.278 0.233 1.84 0.778 64.5 
Black Beauty Acc. 46 0.014 0.047 1.09 0.300 9.7 
Bearclaw 0.117 0.176 1.35 0.486 35.4 
R-Strawbwerry OP 0.000 0.000 1.00 0.000 0.0 
North Dakota Tom 0.132 0.198 1.45 0.624 38.7 
Thumb 
Black Beauty Acc. 50 0.102 0.175 1.32 0.475 32.2 
Carnival 0.393 0.235 2.35 0.877 80.6 
Black Beauty Acc. 52 0.177 0.212 1.68 0.791 48.4 
Spanish Pop 0.227 0.242 1.80 0.872 54.8 
Tom Thumb Pop 0.204 0.222 2.00 0.966 58.0 
Argentine Pop 0.000 0.000 1.00 0.000 0.0 
Ladyfinger 0.097 0.117 1.77 0.668 64.5 
Mean 0.164 1.61 41.6 
Estimated as a group 0.522 0.190 5.45 1.859 100.0 
Average 56 Acc. 0.235 1.93 54.8 
Global estimation 0.558 0.191 6J9 2.170 100.0 
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Table 16. Statistics denoting genetic diversity as derived from 31 SSR loci evaluated for 56 
popcorn populations, ordered according to the groups resulting from cluster 
analysis of the morphological characters. 
Expected Heterozygosity Number of alleles per locus % Polymorphic 
(H) (A) loci (P) 
Accessions Mean Std. Dev. Mean Std. Dev. (95% criterion) 
Pointed Popcorns 
White Rice Pop 0.289 0.259 2.13 1.074 64.5 
Chihuahua 150 0.391 0.222 2.93 1.142 87.1 
No. 1 0.261 0.234 2.00 0.871 64.5 
ARZM 06 073 0.379 0.211 2.70 1.055 83.8 
White Rice 0.208 0.206 1.61 0.558 58.0 
Japanese Hulless 0.167 0.206 1.58 0.720 45.1 
Illinois Hulless 0.158 0.218 1.51 0.769 38.7 
Golden Australian 0.115 0.198 1.51 0.851 32.2 
Hulless 
Bearclaw 0.117 0.176 1.35 0.486 35.4 
Black Beauty Acc. 46 0.014 0.047 1.09 0.300 9.7 
R-Strawbwerry OP 0.000 0.000 1.00 0.000 0.0 
Mean 0.190 1.76 47.1 
Estimated as a group 0.471 0.239 4.19 1.600 96.8 
Early Popcorns 
Pinky Popcorn 0.278 0.233 1.84 0.778 64.5 
North Dakota Tom 0.132 0.198 1.45 0.624 38.7 
Thumb 
Tom Thumb Pop 0.204 0.222 2.00 0.966 58.0 
Black Beauty Acc. 50 0.102 0.175 1.32 0.475 32.2 
Black Beauty Acc. 52 0.177 0.212 1.68 0.791 48.4 
Carnival 0.393 0.235 2.35 0.877 80.6 
Spanish Pop 0.227 0.242 1.80 0.872 54.8 
Mean 0.216 1.78 53.9 
Estimated as a group 0.423 0.236 3.42 1.360 87.1 
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Table 16. (Continued). 
Expected Heterozygosity Number of alleles per locus % Polymorphic 
(H) (A) loci (P) 
Accessions Mean Std. Dev. Mean Std. Dev. (95% criterion) 
Reference Pops. 
Acoma Pueblo 0.347 0.251 2.53 1.358 70.9 
Chihuahua 129 0.518 0.219 3.55 1.479 96.7 
Fairfax Brown 0.102 0.180 1.26 0.444 25.8 
Tama Flint 0.293 0.234 2.00 0.856 70.9 
Unselected Little Red 
Flint 











Uruguay 633 0.442 0.197 2.64 0.877 93.5 
PG No. 10 0.358 0.229 2.13 0.846 77.4 
B73 X Mo73 0.322 0.243 1.64 0.486 64.5 
Mean 0380 2.48 77.0 
Estimated as a group 0.598 0.174 5.19 2.023 100.0 
Latin American 
Popcorns 
ARZM 13 073 0.372 0.220 2.48 0.986 80.7 
W-C 990 0.449 0.217 2.82 1.197 87.1 
Cuzco 31 0.366 0.246 2.47 1.224 70.9 
Chapalote Acc. 35 0.484 0.215 3.16 1.368 93.5 
Maiz Reventador 0.517 0.214 3.26 1.237 93.5 
Maiz Chapalote 0.354 0.218 2.32 0.871 83.8 
Chapalote Acc. 9 0.260 0.203 1.93 0.739 70.9 
ARZM 04 014 0.367 0.234 2.42 0.923 83.8 
Pichinga Redondo 0.446 0.243 3.06 1.504 87.1 
Brazil 2785 0.372 0.193 2.32 0.652 90.3 
Brazil 2823 0.325 0.207 2.61 1.022 83.8 
Mean 0392 2.62 84.1 
Estimated as a group 0.577 0.206 535 2.090 100.0 
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Table 16. (Continued). 
Expected Heterozygosity 
(H) 




(95% criterion) Accessions Mean Std. Dev. Mean Std. Dev. 
Yellow Popcorns 
Nebr. Supergold x 0.378 0.212 2.35 0.798 87.1 
Tom Thumb 
CHZM07 097 0.342 0.204 2.35 0.914 87.1 
Nebraska Yellow Pearl 0.277 0.201 2.19 0.833 80.6 
Iopop 12 0.182 0.252 1.38 0.558 35.4 
Yellow Pearl Pop 0.162 0.195 1.67 0.702 54.8 
ros9i 0.040 0.107 1.22 0.560 16.1 
HP301 0.005 0.032 1.03 0.179 3.2 
Ohio Yellow 0.089 0.158 1.38 0.615 32.2 
IDS69 0.006 0.023 1.06 0.249 6.4 
South American Pop 0.146 0.188 1.48 0.508 48.4 
Red Pop 0.028 0.095 1.13 0.340 12.9 
Sg 1533 0.000 0.000 1.00 0.000 0.0 
IDS28 0.014 0.081 1.03 0.179 3.2 
Amber Pearl 0.000 0.000 1.00 0.000 0.0 
Supergold 0.061 0.125 1.22 0.425 22.6 
Supergold Popcorn 0.000 0.000 1.00 0.000 0.0 
Mean 0.108 1.40 30.6 
Estimated as a group 0.364 0.175 3.58 1.025 100.0 
Prolific Popcorns 
Argentine Pop 0.000 0.000 1.00 0.000 0.0 
Ladyfmger 0.097 0.117 1.77 0.668 64.5 
Mean 0.048 1J8 32.3 
Estimated as a group 0.349 0.233 2.09 0.831 80.6 
Average 56 Acc. 0.235 1.93 54.8 
Global estimation 0.558 0.191 639 2.170 100.0 
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parameter as estimated for the group as a whole, because the different number of accessions 
included in each group tends to distort comparisons among them. 
Table 15 presents the accessions ordered by the country of provenance. It can be 
observed for SSR loci, as detected with isozymes, that maize populations coming from Latin 
American countries have the highest values of expected heterozygosity, especially those 
accessions coming from Mexico (0.453), Ecuador (0.449), Paraguay (0.446) and Uruguay 
(0.442), whereas accessions from the United States had the lowest mean expected 
heterozygosity (0.164). 
Taken collectively, the 39 North American accessions had an expected heterozygosity 
of 0.522, which is intermediate when compared with values of expected heterozygosity for 
SSR loci found by other authors in groups of North American accessions of about the same 
size; Gonzâlez-Ugalde (1997) estimated a heterozygosity of 0.43 in a group of 38 accessions 
of Northern Flints and Flours, Pejic et al. (1998) found a value of 0.72 in a group of 33 
inbred lines. Recently, Labate etal. (2001) estimated a heterozygosity of 0.53 in 57 widely 
used U.S. Corn Belt varieties, which is pretty much in agreement with the global value of 
0.558 obtained for the group of 56 populations included in this study. 
Allelic richness, scored as the number of alleles per locus, for populations from the 
various countries is shown in Table 15. General patterns are similar to results observed for 
isozymes, that is, Latin American accessions are genetically more diverse than their North 
American counterparts. Accessions from Paraguay and Mexico had the most alleles per 
locus, with averages of 3.06 and 3.04, respectively; in contrast, accessions from the United 
States had an average of only 1.61 alleles per locus. The overall average found in this study 
was 6.39 alleles per locus, so that this overall average is very similar to the values of 6.5, 6.8 
and 6.5 found by Taramino and Tingey (1996) in 12 public inbred lines from the United 
States, by Pejic et al. (1998) in 33 inbred lines from the US with diverse background, and by 
Labate et al. (2001) in 57 populations and inbred lines from the United States, respectively; 
however, Gonzâlez-Ugalde (1997) found a much larger number of alleles per locus (13.07) in 
38 Northern Flints and Flours populations, probably due to the fact that those are traditional 
populations with an inherent exceptional genetic diversity (Doebley et al., 1986). In contrast, 
Xinhai et al. (2000) found only 2.98 alleles per locus in a group of 21 inbred lines in China; 
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however, in this case, this low value could be at least partially explained because they used 
3% agarose gels for the electrophoresis of the PCR products, which give inferior resolution 
in comparison with polyacrylamide gels typically used for microsatellite detection. 
As a measure of genetic diversity, the percentage of polymorphic loci showed similar 
trends as did the expected heterozygosity and number of alleles per locus; Latin American 
accessions have a larger proportion of polymorphic loci, especially accessions from Uruguay 
and Mexico (93.5 and 90.9% respectively), whereas North American accessions showed the 
lowest proportion (41.6%); however, some popcorns from the United States, Nebraska 
Supergold x Tom Thumb, Nebraska Yellow Pearl and Carnival, have values comparable to 
those of the Latin American populations (Table 15). 
Table 16 presents the parameters denoting genetic variability for the accessions 
evaluated, categorized into several groups of popcorn. All three parameters, heterozygosity, 
number of alleles per locus and proportion of polymorphic loci, show that the Latin 
American Popcorns and the Reference Populations have the highest degree of genetic 
diversity; the Pointed Popcorns along with the group of Early popcorns present an 
intermediate level of genetic diversity; whereas the Prolific Popcorns and the Yellow 
Popcorns are the most depauperate regarding genetic variability. As mentioned, Yellow 
Popcorns as a group have very low indicators of diversity, which is in part due to the 
presence of the collection of five inbred lines included in the study; however it is important 
to point out that, contrary to the expected outcome, four out of the five inbred lines, IDS28, 
IDS69, IDS91 and HP301 showed some degree of genetic variability (range of H values from 
0.005 to 0.04); whereas, on the other hand, some putative open pollinated varieties, such as 
Amber Pearl and Supergold Popcorn, showed a total absence of genetic variation, i.e., one 
allele per locus, no heterozygosity and no polymorphic loci. The same situation occurs within 
Pointed Popcorns with R-Strawberry OP and within Prolific Popcorns with Argentine Pop. 
Another notable point is that some members of the Yellow Popcorn group do possess 
substantial genetic variability. This is the case of CHZM 07 097, Nebraska Supergold x Tom 
Thumb, Nebraska Yellow Pearl and Yellow Pearl Pop. These accessions could be important 
for popcorn breeders, given that the Yellow Popcorn varieties are commercially the most 
widely accepted in the United States, but high responses to selection are not likely to be 
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obtained because of the genetic uniformity in some of the main sources of commercial 
materials, Supergold Popcorn and Amber Pearl, as mentioned before, showed no genetic 
diversity at all for the loci evaluated. A promising option would be the creation of new 
synthetics involving genetically diverse populations, for example Yellow Pearl, in 
combination with elite material. Another, less conservative, alternative for breeding would be 
to use, CHZM 07 097 and other related representatives of the race Curagua from Chile in 
popcorn breeding programs to introduce genetic diversity without greatly hindering the 
popping expansion or quality, as that race showed a popping expansion and type of flake 
resembling those found in the North American Yellow Popcorns (Table Al). 
Genetic differentiation of the accessions 
F-statisties calculated from SSR information are reported in Tables 17 and 18. As 
mentioned before, Frr represents a parameter indicating the degree of overall inbreeding-like 
effects taking the entire group of accessions as a whole. If accessions from the different 
countries are considered as subpopulations, as in Table 17, it is clear that the group of 
accessions from the United States has the highest value of FIT, denoting the strongest overall 
reduction of heterozygosity from the expected rate under Hardy-Weinberg equilibrium. The 
group of accessions from Argentina, Mexico and Chile had considerably lower values of FIT 
with scores of 0.389,0.321 and 0.311 respectively. The groups of accessions from Paraguay, 
Peru and Uruguay presented FIT values very close to zero. These results are similar to those 
obtained from isozymes. In that case, accessions from the Unites States also showed the 
highest values of FIT, whereas the values of FIT were lower for Latin American accessions, 
especially those from Paraguay and Uruguay (Table 10). 
FST, is a parameter that measures the genetic differentiation among groups of 
accessions, or subpopulations, and at equilibrium, FST measures the reduction in 
heterozygosity due to genetic differences among populations relative to that expected under 
absence of subdivision (Sork et al., 1998). Accessions from the United States have the 
highest value of FST, which indicate that those, as a group, are the most differentiated from 
all the other New World popcorns, probably because of the highly controlled processes of 
cultivation and breeding typically practiced in the United States. FST was computed as zero 
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Table 17. F-statistics and Gene Flow calculated from 31 SSR alleles for groups of 
accessions according to the country of origin. Non-popcoms Tama Flint, Fairfax 
Brow and B73 x Mo 17 are excluded from this analysis. 
Country F,s FST FIT 
Gene 
Flow1 
Argentina 0.152 0279 0.389 0.645 
Bolivia 0.189 0.000 0.189 -
Brazil -0.065 0.199 0.146 1.008 
Chile 0.314 0.289 0.311 0.614 
Ecuador 0.150 0.000 0.150 -
Mexico 0.122 0.227 0.321 0.849 
Paraguay 0.066 0.000 0.066 -
Peru -0.016 0.000 -0.016 -
Uruguay -0.038 0.000 -0.038 -
USA 0.0610 0.692 0.711 0.114 
Overall 0.072 0.582 0.612 0.178 
Table 18. F-statistics and Gene Flow calculated from 31 SSR alleles for groups of 
accessions according to the results of cluster analysis of morphologic traits. 
Group F,s FST Fit 
Gene 
Flow1 
Pointed Popcorns 0.174 0.608 0.676 0.161 
Early popcorns 0.173 0.489 0.578 0.261 
Reference Populations -0.079 0.367 0.317 0.431 
Latin American Popcorns 0.072 0.341 0.389 0.482 
Yellow Popcorns -0.041 0.704 0.692 0.105 
Prolific Popcorns 0.106 0.861 0.875 0.040 
Overall 0.046 0.584 0.603 0.178 
1 Calculated by the formula: Gene Flow = 0.25( 1-FST)/FST, described by Slatkin and Barton (1989). 
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for accessions from Bolivia, Ecuador, Paraguay, Peru and Uruguay because there was only a 
single entry for those countries. For accessions from the United States, FST was by far the 
most important factor involved in the overall reduction of heterozygosity (Table 17). 
When popcorns are assembled into groups, the corresponding F-statistics show 
interesting tendencies. The groups of popcorn integrated with populations from the United 
States predominantly showed the highest degree of heterozygosity reduction, especially the 
Prolific and the Yellow Popcorns, although the Pointed and the Early groups also have a 
relatively high value of FIT. The Latin American Popcorns and the Reference populations had 
the lowest overall reduction of heterozygosity, as measured by FIT (Table 18). The genetic 
differentiation among groups of accessions, as measured by FST, showed a similar tendency 
as that observed in FIT: clearly, the Prolific and the Yellow Popcorns are the most 
differentiated groups, followed by the Pointed and the Early Popcorns, while the least 
differentiated groups of accessions are the Latin American Popcorns and the Reference 
populations. High values of FST, as those recorded for the Yellow and the Prolific groups of 
popcorn, mean that a substantial proportion of the extant genetic diversity is subdivided 
among the various groups. Some factors such as genetic drift perse, or histories of intensive 
selection can be involved in that extensive differentiation, clearly observed in the Prolific and 
Yellow Popcorns; however, In general, the Fis values estimated from SSRs were lower than 
those estimated from isozymes, and in some cases, as in accessions from Brazil, Peru and 
Uruguay when estimated by countries, or in Yellow Popcorns and Reference populations 
when estimated by groups, there were negative values of F|S. Gonzâlez-Ugalde (1997) found 
similar differences in magnitude between isozymes and SSRs as well as very low or even 
negative values of Fis, indicating an excess of hétérozygotes in comparison with the expected 
proportions under Hardy-Weinberg equilibrium, for a collection of Northern Flints and 
Flours. Labate et al. (2001) also found a very low value of Fis (0.09), estimated using SSRs, 
for a group of 57 open pollinated varieties; however, contrary to the case of popcorns, they 
found that the U.S. Corn Belt varieties share most of their genetic variation, with an FST 
value of only 0.15. 
High values of genetic differentiation imply isolation of populations by distance or 
other mechanisms, and so it implies reduced rates of gene flow, which is confirmed by an 
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indirect estimation of the rate of gene flow, as described by Slatkin and Barton (1989), 
shown in Tables 17 and 18. Gene flow is significantly higher in the Latin American Popcorns 
and in the Reference Populations, which are predominantly from Latin America or non-
popcoms from the United States, while in populations from the United States, especially in 
the Yellow and Prolific Popcorns; measures of gene flow are the lowest because in the 
breeding process most schemes involve hybridization within a single group of popcorns. In 
addition, popcorn populations are deliberately maintained isolated from other types of maize 
by using a specific incompatibility, so many popcorns in the United States are cross-sterile 
with field com by means of the gametophytic sterility factor, Gals (Schwartz, 1950), which is 
extremely important from the breeder's viewpoint (Ziegler, 2001), preventing the growth of 
dent com pollen tubes into popcorn styles and greatly reducing the gene flow. 
Relationships among populations 
Even though individual loci may not reflect patterns of relationships among the 
accessions, undoubtedly some relationships do exist, and one expects that the closer the 
relationship between two populations or groups of populations the higher the proportion of 
common alleles they share (Doebley, 1989). However, in order to visualize that kind of 
relationship, it is necessary to apply a more comprehensive approach, or dimension-reduction 
technique; therefore, multivariate techniques are applied to this dataset. 
A principal component analysis was applied as a dimension-reduction technique using 
191 of 198 SSR alleles to elucidate relationships among the 56 populations evaluated. PGR 
amplification of locus phi029 failed in some accessions (Table A9), so the seven alleles at 
that locus were excluded from further analysis. Table A10 presents the eigenvalues 
associated with each principal component and the proportion of the total variance explained 
by the first 46 principal components. The first principal component explains 8.8% of the total 
variance, and the first six principal components explain collectively only 33.1%. The 
efficiency of principal components in this study was inferior to other studies; for example, 
Gonzâlez-Ugalde (1997) found that, for SSR markers in Northern Flint and Flours, the first 
principal component explained 15.5% of the total variance, and the first three principal 
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components explained 33.4%, that is, almost as twice as efficient in comparison with the 
results found in this study, which could be a function of the homogeneity of a single race, the 
Northern Flints and Flours in that case. 
Eigenvectors for the first six principal components are shown in Table All, providing 
an indication of the relative importance of the different alleles in the construction of the most 
explanatory principal components. For the first principal component, the most important 
alleles contributing positive values to the eigenvector were phi 159819-3, phi308090-5, 
phi 109275-1, phi427913-2, phi265454-2, phi064-3, phi96100-5, phi085-5, phi034-7, phi056-
2, phi056-4, phi051-2 and phi015-l. This group of alleles shared the fact that they were most 
frequent either in Latin American Popcorns or in Reference Populations. In contrast, the most 
negative values for that eigenvector were observed in alleles phi330507-2, phi308090-l, 
phi96342-5, phil09275-3, phi064-7, phi034-5 and phi015-4, which were most frequent in 
accessions from the United States, mainly in the Yellow and Pointed popcorns, although in 
some cases, e.g. alleles phi96342-5, phi 109275-3 and phi015-4, the Early Popcorns were also 
included (Tables 12 and 13). 
For the second principal component, alleles phi 127-3, phi053-2, phi072-5, phi085-8, 
phi034-5, phi064-7, phil01249-2, phi073-2 and phi427913-3 contributed the highest positive 
values to the associated eigenvector. In all cases, the Yellow Popcorns displayed the highest 
frequencies for those alleles, although in some cases, e.g. alleles phil27-3, phi072-5, phi085-
8 and phil01249-2, the Latin American Popcorns were also important. On the other hand, 
alleles phiO53-7, phi072-3, phi085-2, phi034-4, phi056-6, phil01249-4, phi 109275-5 and 
phi308090-4 contributed the most negative values. This group of alleles predominated in 
different popcorn populations, except for the Yellow Popcorns, and also, with the exception 
of phi053-7 and phi308090-4, they were relatively scarce in Latin American Popcorns (Table 
13). 
The third principal component was influenced by the positive contributions of alleles 
phi034-3, phi024-l and phi427913-5; while alleles phil27-5, phi015-2, phi033-3, phi0247, 
phi085-7, phi056-8, phi96100-2, phil09188-7, phi96342-4, phi427913-4 and phi402893-7 
contributed the most negative values to the corresponding eigenvector and tend to be present 
mostly in Latin American Popcorns. With the exception of allele phi033-4, which 
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predominates throughout all the groups of popcorn, the rest of the alleles have extremely low 
frequencies; therefore, the third principal component tends to be more qualitative, having a 
somewhat reduced power of resolution, and even though it has an eigenvalue of 9.54 (Table 
A10), which is considerably high, it only explains 5.0% of the total variance (Table Al 1). 
The first and second principal components for the accessions evaluated are represented 
in Figure 12. The group of Yellow Popcorns are clustered together mostly in the fourth 
quadrant; however, Red Pop and IDS28 are nearby located in the third quadrant. 
Significantly, in the isozyme study, IDS28 was also shown as one of the accessions most 
distant from the main cluster of Yellow Popcorns. In addition, Ladyfinger popcorn, as with 
isozymes, was again placed far apart from the prolific Argentine Pop and close to the Yellow 
Popcorns in the fourth quadrant, so the Prolific Popcorns are not maintained as a unified 
group. 
In the third quadrant are located the group of Pointed Popcorns from the United States, 
along with two accessions of Black Beauty (Acc. 50 and 52), Spanish Pop, Fairfax Brown 
and Tama Flint, although the Black Beauty popcorns and Spanish Pop were included in the 
group of Early Popcorns, and Fairfax Brown and Tama Flint are included among the 
Reference Populations. In the second quadrant of Figure 12, there is a group of popcorns 
encompassing the rest of the North American Early popcorns (North Dakota Tom Thumb, 
Bearclaw, Carnival, R-Strawberry OP and Tom Thumb Pop) and the rest of Pointed 
Popcorns, including White Rice Pop from the United States and No. 1, Chihuahua 150, 
ARZM 06 073, W-C 990 and Cuzco 31 from Latin America. 
In the first quadrant of Figure 12 are located accessions that were classified as Latin 
American Popcorns or Reference Populations, which include some flint corns from South 
America that have been selected for popping expansion and some non-popcorn populations 
used as reference; however, they are intermixed in Figure 12. 
In Figure 13, all the populations are shown again as in Figure 12, but they are 
represented by the symbol of the country of provenance. As in the cases of morphology and 
isozymes, the first principal component was extremely efficient separating popcorn 
accessions from the United States from those popcorns coming from Latin American 
countries. All the accessions located in the negative section of the first principal component 
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Second Quadrant 
Third Quadrant Fourth Quadrant 
First Quadrant 
Ac 
d 6 a 9 J 
Figure 12. Representation of the first and second principal components based on the 
correlation matrix among 191 SSR alleles scored for 56 popcorn populations. 
Symbol is the value of TAG given in Table 2. 
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Second Quadrant First Quadrant 
A = Argentina 
B = Bolivia 
b = Brazil 
M C = Chile 
E = Ecuador 
M = Mexico 
P = Paraguay 
p= Peru 
U = Uruguay 
u = USA 
Third Quadrant Fourth Quadrant 
PC2 
Figure 13. Representation of the first and second principal components based on the 
correlation matrix among 191 SSR alleles scored for 56 popcorn populations. 
Symbol is the value of COUNTRY. See legend. 
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are from the United States, with only one exception, accession CHZM 07 097 from Chile, a 
member of the race Curagua, showing a tendency of geographic patterns of distribution of 
the alleles, especially for the most important alleles in the construction of the first principal 
component. 
Figures 14 and 15 show the first and third principal components plotted against each 
other. The third principal component demonstrates poor power of further discrimination 
beyond that already gained by applying the first and second principal components. Again, the 
group of Yellow Popcorns, along with the Chilean accession CHZM 07 097 are located 
mostly in the fourth quadrant of Figure 14, and IDS28 appears as the Yellow popcorn most 
distant from the center of the cluster. A compact group containing the Pointed North 
American popcorns, Fairfax Brown, Tama Flint and some Early popcorns appear in the third 
quadrant, whereas the rest of the Early popcorns as well as the Latin American Pointed 
popcorns can be observed around the origin of the plot. The rest of the populations, in the 
upper part of Figures 14 and 15 belong to other Latin American popcorns and Reference 
populations. Notably, the third principal component put the three accessions of Chapalote, 
two from Mexico and one from the United States, in the second quadrant of the figure, along 
with Maiz Reventador, which has been reported to be closely related to the Chapalote race 
(Anderson, 1944; Wellhausen et ai, 1952). The Chapalote accession from the United States 
(accession 9) has an extremely negative value for the third principal component, because all 
the alleles mentioned as contributing the most negative values in the corresponding 
eigenvector are frequent in that accession. 
Figure 16 depicts a dendrogram resulting from a cluster analysis of the allelic 
frequencies of SSR loci, using the UPGMA method over the matrix of Rogers's genetic 
distances, as modified by Wright (1978) (Table A8, italics above the diagonal). First, it can 
be observed that there is a group of distantly related accessions in the upper part of the figure 
that is not associated with any of the defined clusters. Red Pop is included in that group, 
which is unexpected because it had been consistently included in the group of Yellow 
Popcorns in the morphological and isozymatic analysis; R-Strawberry Open Pollinated also 
appears alone, but with the other approaches it had been grouped with the Pointed Popcorns. 
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Pointed popcorn in the morphological analysis (Figures 1,3 and 5), but in the Early Popcorns 
according to the principal component analysis of isozymes (Figure 6), and it was segregated 
as an independent population in the cluster analysis of isozymes (Figure 10). On the other 
hand, it was positioned as a transitional accession between the Pointed and the Early 
Popcorns, according to the principal component analysis of SSR loci (Figure 12). Argentine 
Pop, Fairfax Brown and Chapalote (Acc. 9, from the US) also appear individually, although 
they have been included in the Prolific Popcorns, Reference Populations and Latin American 
Popcorns, respectively. 
In agreement with the morphological and isozymatic analyses, the group of Yellow 
Popcorns remains almost intact, with the core group of North American accessions and 
CHZM 07 097 from Chile, as shown in Figure 16 as cluster I, with the most notable 
exclusions Nebraska Supergold x Tom Thumb and Ladyfinger, because one is a hybrid 
between two groups and the other does not have a consistent membership to any of the 
groups. 
The typical Pointed popcorns from the United States, including White Rice, Japanesse 
Hulless, Illinois Hulless, Golden Australian Hulless and Pinky Popcorn, are represented in 
cluster II of Figure 16. Pinky Popcorn was originally included in the group of Early 
Popcorns, according to the morphological analysis; however, the isozyme (Figure 10) and the 
SSR analyses (Figure 16) have both allocated this accession into the Pointed popcorns, so it 
may be transitional between both groups. 
Cluster m in Figure 16 represents those accessions identified as Early Popcorns in the 
morphological analysis, including Tom Thumb Pop, North Dakota Tom Thumb, Black 
Beauty, (Acc. 50 and 52), Carnival and Spanish Pop, with the addition of Tama Flint. Tama 
Flint is a typical Northern Flint and Flour that has also shown similarities with Spanish Pop 
and Black Beauty at the level of isozyme markers (Figures 10 and 11 ). 
In accordance with the principal component analysis (Figure 12, first quadrant), the 
Latin American Popcorns and the Reference populations are intermixed in cluster analysis 
(cluster IV in Figure 16). All the accessions in cluster IV are originally from Latin America, 
and, with the exception of Chihuahua 150, do not have pointed, rice- type kernels, as those 
accessions were grouped together into cluster V. 
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In Figure 16, the Pointed popcorns are split into two groups, the first one is represented 
by cluster H, which includes only the typical rice-type popcorns from the United States. The 
second group of Pointed popcorns is represented by cluster V, which includes North 
American White Rice Pop and Acoma Pueblo, as well as the Latin American pointed 
accessions Cuzco 31, No. 1 and ARZM 06 073. 
The dendrogram constructed following the Modified Rogers's distance matrix of SSR 
allelic frequencies by using the Neighbor-Joining method is displayed in Figure 17. In this 
figure, there are no isolated accessions, but all of them are integrated into six discrete 
clusters. The membership of the different clusters often resembles that presented in Figure 
16, the dendrogram constructed by using the UPGMA method. Cluster I closely resembles 
cluster V in Figure 16, containing some Latin American pointed popcorns, as well as some 
Pointed Popcorns from the United States distinct from the typical Pointed, rice-type North 
American popcorns Japanese Hulless, Illinois Hulless or Golden Australian Hulless. which 
are found in cluster IE. 
Cluster II integrates all the Yellow, pearl-type popcorns from the United States, 
including Ladyfinger and Nebraska Supergold x Tom Thumb, which were not included under 
the UPGMA method, as well as accession CHZM 07 097 from Chile, which has a notably 
shorter branch, denoting a less advanced evolution, a general situation for the Latin 
American populations, as selective pressure and inbreeding on landraces are not as intensive 
as it is under modem breeding techniques applied to the North American accessions. 
The Pointed Popcorns of the United States, White Rice, Pinky Popcorn, Japanese 
Hulless, Illinois Hulless and Golden Australian Hulless, are grouped together in cluster III of 
Figure 17; however, cluster III also contains a sub cluster of accessions, such as Black 
Beauty (Acc. 50 and 52) and Spanish Pop, classified as Early Popcorns in the morphological 
and isozymatic analyses. Tama Flint again appears close to that group of Early popcorns, as 
it did in the isozyme study (Figures 10 and 11). Cluster IV contains the other Early Popcorns 
not included in cluster HI, as well as Argentine Pop, which was unexpected because 
Argentine Pop was originally introduced from Argentina and morphologically it is very 
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Cluster V contains accessions that have been difficult to place according to the 
morphological and isozymatic analyses: Chihuahua 150 and W-C 90 had been often situated 
with the Pointed Popcorns, which makes sense, because the former belongs to Palomero 
Toluquefio and the latter possibly belongs to the Race Canguil, and both are described by 
diverse authors as ancient pointed Latin American popcorns (Mangelsdorf, 1974; Sanchez-
Gonzalez, 1994; Sevilla 1994). This cluster also contains Black Beauty (Acc. 46), which as 
explained before, has not had a consensus about its placement in a defined group; there is 
also R-Strawberry Open Pollinated, which in other cases has been included in the Pointed 
Popcorns (Figures 6 and 10). The presence of B73 x Mo 17 was also unexpected, because its 
relationship with the Pointed Popcorns is so remote. 
Finally, in Figure 17, cluster VI is integrated by accessions characterized as Latin 
American Popcorns and Reference populations in the morphological analysis. This cluster 
generally corresponds to cluster IV in Figure 16, but it includes the accession Chapalote 
(Acc. 9), which in Figure 16 was segregated as an isolated accession, but in this case was 
included with the two Mexican accessions of that race and Maiz Reventador, a race related to 
Chapalote (Anderson, 1944; Wellhausen et al., 1952). 
Combined Analysis Using the Three Lines of Evidence 
In situations where data from different sources are assembled for comprehensive 
analysis researchers face the challenge of finding optimal methods to integrate diverse lines 
of evidence. One of the most accepted approaches is to analyze simultaneously all available 
character data, which is often referred to as the total evidence or character congruence 
approach (Kluge, 1989). There has been, however, some disagreement about the suitability of 
this approach; for example, Bull et al. (1993) and de Queiroz (1993) argue that it is not 
completely appropriate to perform a combined analysis in datasets where the patterns of 
classifications from individual datasets are significantly different from one another, because 
different groups of characters may have evolved following different evolutionary rates and 
constraints. In contrast, other authors including Chippindale and Wiens (1994) strongly 
support this type of analysis claiming that differences in the modes and rates of evolution in 
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different characters could be more easily accommodated in the context of a joint analysis of 
the data. Additionally, when molecular and morphological data are involved, the combination 
of those datasets provides a truly comprehensive view for the classification of populations 
(Hillis, 1987; Kluge, 1989). As a final point, these differences are attenuated by the fact that 
supporters of the combined approach do not discourage the use of separate analyses; in fact, 
they almost always apply separate analysis for the different subsets of data in addition to the 
joint analysis to enrich the discussion (Chippindale and Wiens, 1994). 
In this study, after performing separate analyses for the different lines of evidence, joint 
multivariate analyses were applied to the combined dataset from morphology, isozymes and 
SSRs to present a more comprehensive vision of relationships among the different sources of 
popcorn germplasm studied. 
First, principal component analysis was applied to 29 morphological traits, 58 isozyme 
alleles and 191 SSR alleles, and the eigenvalues of the correlation matrix for all these 
characters are presented in Table A12. The first three principal components have large 
eigenvalues (25.6,21.0 and 13.5 respectively) explaining 9.28, 7.61 and 4.89% of the total 
variance, respectively, for a cumulative percentage of 21.78. This fact itself represented an 
advantage of the combined analysis in comparison with the separate analyses. 
Working with a group of Northern Flint and Flour maize populations, Gonzâlez-Ugalde 
(1997) applied principal components to a combined dataset including 29 morphological 
traits, 70 isozyme alleles and 183 SSR alleles and found that the first three principal 
components explained 21.9% of the total variance (10.5,6.2 and 5.2% respectively), which 
are quite similar to the quantities found in the present study. Compared to the Gonzâlez-
Ugalde's study, the combined analysis in this study contributed more to the improvement in 
the efficiency of principal components because when applied separately to the isozymes and 
SSR datasets Gonzâlez-Ugalde (1997) obtained higher percentages of explained variance for 
the first three principal components (46.2 vs. 30.0% in the isozyme dataset and 33.4 vs. 
19.9% in the SSRs dataset), but the differences between the two studies vanished with the 
combined approach. 
As presented in Table A13, the morphological traits most influencing the first principal 
component were plant height, ear height, number of leaves, leaf length, leaf width, tassel 
137 
length and branched part length with positive values in the corresponding eigenvector. As 
observed, those characters denote vegetative abundance and better describe the accessions 
from Latin America. Popping expansion contributed a negative value to the first principal 
component, and this trait clearly is expressed more strongly in accessions from the United 
States. Regarding isozyme alleles, Idhl-6 and Mdh3-18 were the most important contributors 
with positive scores in the first eigenvector. Even though the absolute value of the frequency 
of these alleles is low, the have a higher frequency in Latin American popcorns and in the 
Reference populations. Alleles Idhl-4 and Mdh3-16 had the most negative values of the 
isozyme alleles contributing to the first principal component, and presented their lowest 
frequency in Latin American popcorns and in Reference populations (Table 6). Regarding 
SSR alleles, the highest positive scores in the first eigenvector corresponded to phi034-7, 
phi056-2, phi064-3, phi96100-5, phi 109183-3, phi 109275-6, phi265454-2 and phi308090-5, 
that share a high frequency in Latin American popcorns and in Reference populations. On the 
other hand, alleles phi051-4, phi96100-10 and phi330507-2 contributed the most negative 
values among SSR alleles in the first eigenvector and those alleles are present predominantly 
in the Yellow, Pointed, and Early popcorns, which are mainly from the United States. 
For the construction of the second principal component, the morphological characters 
with larger contributions to the corresponding eigenvector were tillers per plant, tassel length 
and the ratio peduncle length/tassel length; whereas the most negative values in the second 
eigenvector corresponded to number of leaves, days to pollen, branched part length of the 
tassel, number of primary branches and popping expansion, characteristics that mostly 
correspond to the Yellow popcorns (Table Al). And, as expected, those accessions grouped 
in the negative section of the second principal component. Regarding isozyme alleles, Acpl-
4, Adhl-6 and Got 1-6 have large positive contributions to second eigenvector, while the 
most negative values are observed in alleles Adhl-4, Cat3-12, Got 1-4 and Idh2-4. The first 
group of isozyme alleles predominates in both the Early and the Pointed popcorns, while the 
second group of alleles predominates in the Yellow popcorns, Latin American popcorns, 
Prolific popcorns and Reference populations (Table 7). For SSRs, the group of alleles with 
the largest positive values in the corresponding eigenvector were phi053-7, phi085-2, 
phi056-6 and phi308090-4, which are the alleles with the highest frequency in the Early and 
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the pointed popcorns; while alleles phi053-2, phi072-5, phi085-8, phi034-5, phi056-5, 
phi064-7, phi073-2, phi427913-3 and phi308090-l contributed the most negative values in 
the second eigenvector and are mainly associated with the Yellow popcorns, Latin American 
popcorns, Prolific popcorns and Reference populations (Table 13). 
The third principal component was constructed mainly by means of the morphological 
traits, ear height, number of leaves, days to pollen shed, days to silk, number of primary 
branches in the tassel number of kernel rows and a series of traits related to the kernel, such 
as width, thickness, weight (number of kernels per 10 g) and flake type, which had the most 
positive values in the third eigenvector, while ear length and the ratio kernel width/thickness 
contributed the most negative scores. Regarding the participation of isozyme alleles in the 
construction of this principal component, Mdhl-10 and Mdh2-3, which are associated mainly 
with the Latin American popcorns and Reference populations, constituted the highest values 
to the third eigenvector, while alleles Glu 1-null, Phi 1-3 and Pgdl-1 had the most negative 
values for the same eigenvector; the null allele of Glul predominates in the Early and 
Pointed popcorns; phi 1-3 and Pgdl-1 are low-frequency alleles present only in the Reference 
populations. The most important SSR alleles for the third principal component were phi 127-1 
and phi024-4, with positive scores in the third eigenvector; and phi 127-4, phi051-l, phi072-
1, phi072-2, phi 109188-9, phi402893-l and phi402893-9, with the most negative values in 
that eigenvector. Except for phil27-4, this group of alleles has a very low frequency, and 
their distribution is limited. Notably, all of them are present in the Mexican popcorn 
accession Chihuahua 129, and three alleles, phi072-l, phi072-2 and phi 109188-9, are found 
exclusively in that accession. 
The first and second principal components are plotted together in Figure 18, where the 
Yellow popcorns, including the Ladyfinger popcorn and CHZM 07 097 form a well defined 
group in the third quadrant. In the fourth quadrant, the Pointed and Early popcorns can be 
found loosely aggregated, with some undefined accessions such as Spanish Pop, Pinky 
Popcorn and Black Beauty (Acc. 50), placed between the groups. Just above this loose 
aggregation, on both sides, negative and positive, of the first principal component, there is a 
group corresponding to White Rice Pop, Acoma Pueblo and the non-popcom Tama Flint 
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18. Representation of the first and second principal components based on the 
correlation matrix among 29 morphological traits, 58 isozyme alleles and 191 
SSR alleles scored for 56 popcorn populations. Symbol is the value of TAG 
given in Table 2. 
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American Pointed popcorn positioned most closely to the groups of Early and North 
American pointed popcorns is accession "No. 1" from Bolivia, which likely corresponds to 
the race Pisankalla. The remaining populations, found in the upper, most positive section of 
the first principal component, correspond to the non-pointed Latin American popcorns and 
certain Reference populations, including B73 x Mo 17, and the Flint types Uruguay 633, 
Little Red Flint, both in its original version and the population selected for seven cycles of 
popping expansion. 
All accessions are again displayed in Figure 19 according to their scores for the first 
and second principal components, but are now represented by the country of provenance. The 
main merit of the first principal component was to separate accessions according to their sub­
continent of provenance; the negative portion of the first principal component separated 
accessions of the United States from the Latin American populations, with two notable 
exceptions: in the third quadrant there is one accession from Chile, CHZM 07 097, which is 
completely integrated into the group of Yellow popcorns from the United States. It is logical 
to propose that a representative of the race Curagua from Chile was the most likely 
progenitor of the Yellow popcorns of the United States. Smith (1999) mentioned that, in the 
19th century, American traders, sailors and whalers may have introduced it from Chile into 
New England, where, at that time, a popular popcorn variety was called "Valparaiso", whose 
name was most likely derived in honor of that city in Chile, where sailors likely first 
collected it. Furthermore, Timothy et al. (1961) pointed out that the natural area of 
distribution of the race Curagua in Chile is around the region of Valparaiso, Rancagua and 
Talca, and additionally, special characteristic of popcorns from Chile and other southern 
countries is that they are daylight neutral, so they did not face the difficulties that would have 
faced varieties from Central America or other low latitude places in adapting to photoperiod 
regimens throughout much of the United States (Goodman and Brown, 1988). 
The other exception found in the lower part of Figure 19 is the presence of the Bolivian 
accession No. 1, which belongs into the race Pisankalla. According to Sânchez-Gonzâlez 
(1994), the race Pisankalla is likely related to Palomero Toluqueno and other pointed Latin 
American popcorns such as Imbricado from Colombia, Confite Puntiagudo from Peru (Cuzco 
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Latin American pointed popcorns is shown in Figure 19 as a transitional group between the 
typical North American pointed popcorns and other popcorns from Latin America. 
Figure 20 is the representation of the different accessions according to their scores for 
the first and third principal components. As explained above, the first principal component 
separated popcorn populations of the United States from the Latin American popcorns; 
however, in this case the third principal component played a key role in the lower part of 
Figure 20, the negative portion of the first principal component, separating the Pointed 
popcorns in the fourth quadrant from the Early popcorns in the third quadrant, confirming 
their distinct identities. The Yellow popcorns remain as an intermediate group with respect to 
the third principal component, and the Latin American popcorns and Reference populations 
are scattered across the upper part of Figure 20. 
Figure 21 displays all accessions for the first and third principal components, this time 
symbolized by the country of provenance. The only accessions from the United States in the 
positive section of the first principal component were those with immediate precedents from 
Latin America or those collected from the southwestern states, such as Acoma Pueblo, 
Chapalote (Acc. 9), Uruguay 633 and Little Red Flint. In the lower part of the figure, on the 
other hand, there are only accessions from the United States, with the exception of CHZM 07 
097 from Chile and No.l from Bolivia. For No. 1 from Bolivia, it is worth mentioning that it 
remained in the fourth quadrant of Figure 21, closer to the North American Pointed popcorns 
than to the Early popcorns. 
The dendrogram displayed in Figure 22 results from a cluster analysis applying the 
UPGMA method of grouping over the matrix of Pearson correlation coefficients as a 
measure of similarity based on 29 morphological characters, 58 isozyme alleles and 191 SSR 
alleles. Figure 22 broadly defines four clusters of accessions, with some sub-divisions within 
clusters. Cluster I integrates all the yellow, pearl-type popcorns from the United States, and 
also includes CHZM 07 097 from Chile and Ladyfmger, which morphologically looks 
completely different from the rest of varieties but at the level of molecular markers has 
similarities with the Yellow popcorns. Ladyfinger and Nebraska Supergold x Tom Thumb 
can be considered as a sub-cluster (I-b). They are the populations most dissimilar within 
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morphological characteristics and in the case of Nebraska Supergold x Tom Thumb because 
of the influence of Tom Thumb, an Early popcorn, in the original cross. 
Cluster II includes Latin American popcorns and Reference populations. Sub-cluster II-
a contains accessions from Argentina, Brazil and Paraguay and, remarkably, Argentine Pop, 
an accession introduced from Argentina into the United States by Edgar Anderson some 50 
years ago (Galinat, 1954). Sub-cluster Il-b includes popcorns of north and northwestern 
Mexico, the Corn Belt Dent B73 x Mol7 and the flint types Uruguay 633, Little Red Flint 
and Unselected Little Red Flint. ARZM 13 073 and Cuzco 31 are in sub-cluster II-c, notably, 
with the exception of Cuzco 31, all other pointed popcorns from Latin America are not 
included in this group, but instead were placed in sub-cluster IV-b, close to the Pointed 
popcorns from the United States. 
The Early popcorns from the United States were grouped together in cluster III; they 
are not too far apart from the pointed popcorns. Interestingly, Fairfax Brown and Tama Flint 
are very close to this cluster, although they originate from a relatively basal position, 
maintaining some relationship with the Pointed popcorns. These two accessions do not have 
much morphological resemblance to the Early popcorns, but at the level of molecular 
markers, both in isozymes (Figure 6) and SSRs (Figure 12) they show a certain similarity. It 
is possible that The Northern Flints and Flours have played a potential role in the genetic 
makeup of the Early popcorns, which may also have received contributions from some 
European popcorns, which were introduced in the 19lh century from France and Italy 
(Sturtevant, 1899). 
Cluster IV clearly integrates the pointed popcorns. Chihuahua 150 and Black Beauty 
(Acc. 46) show certain independence within this cluster, but the rest of the populations could 
be unambiguously grouped into two sub clusters; sub-cluster FV-a comprising the typical 
Pointed popcorns from the United States and sub-cluster IV-b including Latin American 
popcorns and two popcorns from southwestern United States, Acoma Pueblo and White Rice 
Pop, which resemble their Latin American counterparts. 
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Placement of accessions into the different groups 
Although different approaches for analyzing phenetic relationships among the popcorn 
populations generally produced congruent results, some incongruities or ambiguities are 
evident. Discriminant analysis was applied to the first 12 principal components derived from 
the combined dataset. 
Discriminant analysis is a technique used to build a predictive model of group 
membership based on observed characteristics of each accession. This analysis generates a 
discriminant function from a sample of accessions assigned into a group a priori. The 
function can then be applied to the same or new cases with measurements for the same 
predictor variables to statistically corroborate group membership or to assign the accession 
into a new group. For this example, results from cluster analysis of the morphological 
characterization were used to propose a preliminary classification of accessions into groups, 
except for the two accessions classified as Prolific popcorns, which were not included in the 
calibration phase because they did not show a consistent affinity through the different 
analyses. The discriminant function was constructed by using a measure of generalized 
squared distance (Rao, 1973) based on the pooled covariance matrix, where the generalized 
squared distance (D2) is: 
D2j (X) = (X-XJ)' Gov ' (X-XJ) 
Each accession was placed in the group from which it had the smallest generalized 
squared distance. So that, the preliminary assignment did not guarantee the subsequent 
membership in a certain group (SAS Institute, 1985), and in order to avoid the problem of 
autocorrelation, when an accession was submitted as a new element for classification, that 
accession was excluded from the dataset used for calibration of the discriminant function. 
Table 19 shows each accession evaluated with the preliminary group assigned 
according to the results of the morphological characterization, as well as the new 
classification as determined by the discriminant function along with the probability of 
membership into the different groups. Most of the accessions remained in the same group 
where they had been preliminarily assigned on the basis of the results from morphological 
characterization. Some of the most notable changes of assignment were observed for some of 
Table 19. Classification of the accessions into different groups resulting from the application of a discriminant function based 
on the pooled covariance matrix derived from the first 12 principal components of the combined dataset. 
Posterior Probability of Membership in Group:' 
Accession A priori Group New Group Early Latin Pointed Reference Yellow 
Assignment Assignment American 
White Rice Pop Pointed Pointed 0.0002 0.0006 0.9992 0.0000 0.0000 
No. 1 Pointed Pointed 0.0228 0.0075 0.9679 0.0018 0.0000 
Chihuahua 150 Pointed Latin American 0.0000 0.9983 0.0000 0.0017 0.0000 
ARZM 06 073 Pointed Pointed 0.0000 0.4509 0.5490 0.0001 0.0000 
Acoma Pueblo Reference Pointed 0.0117 0.0479 0.9404 0.0000 0.0000 
ARZM 13 073 Latin American Latin American 0.0003 0.6657 0.0080 0.3258 0.0002 
W-C 090 Latin American Pointed 0.0000 0.0000 1.0000 0.0000 0.0000 
Cuzco 31 Latin American Pointed 0.0000 0.4570 0.5429 0.0001 0.0000 
Chapaloie Latin American Reference 0.0000 0.1135 0.0000 0.8865 0.0000 
IJnselected Little Red Flint Reference Reference 0.0000 0.0000 0.0000 1.0000 0.0000 
Little Red Flint Reference Reference 0.0000 0.0273 0.0000 0.9727 0.0000 
PG No. 10 Reference Reference 0.0000 0.0849 0.0000 0.9151 0.0000 
Uruguay 633 Reference Reference 0.0000 0.0000 0.0000 1.0000 0.0000 
ARZM 04 014 Latin American Latin American 0.0000 0.7541 0.0002 0.2457 0.0000 
Nebraska Supergold x l oin Thumb Yellow Yellow 0.0001 0.0016 0.0001 0.0450 0.9532 
Brazil 2785 Latin American Latin American 0.0000 0.9999 0.0001 0.0000 0.0000 
Pichingu Redondo Latin American Latin American 0.0000 0.9999 0.0000 0.0001 0.0000 
Brazil 2823 Latin American Latin American 0.0000 1.0000 0.0000 0.0000 0.0000 
Maiz Chapaloie Latin American Latin American 0.0000 1.0000 0.0000 0.0000 0.0000 
CHZM 07 097 Yellow Yellow 0.0000 0.0005 0.0002 0.0003 0.9990 
Nebraska Yellow Pearl Yellow Yellow 0.0000 0.0000 0.0000 0.0000 1.0000 
lopop 12 Yellow Yellow 0.0000 0.0000 0.0000 0.0000 1.0000 
Yellow Pearl Pop Yellow Yellow 0.0000 0.0000 0.0000 0.0000 1.0000 
IDS9I Yellow Yellow 0.0000 0.0000 0.0000 0.0000 1.0000 
Ohio Yellow Yellow Yellow 0.0000 0.0000 0.0000 0.0000 1.0000 
1  l>r(j|X) -  exp(-0.5 D2 , (X)| / Ik  {exp 1-0.5 D\ (X))} 
An accession is classified inlo group k if selling j=k produces the largest value of Pr(j|X) (SAS Institute, 1985) 
Table 19. (Continued). 
Posterior Probability of Membership in Group: 
Accession A priori Group New Group Early Latin Pointed Reference Yellow 
Assignment Assignment American 
South American Pop Yellow Yellow 0.0000 0.0000 0.0000 0.0000 1.0000 
Red Pop Yellow Yellow 0.0000 0.0000 0.0000 0.0000 1.0000 
IDS69 Yellow Yellow 0.0000 0.0000 0.0000 0.0000 1.0000 
IDS28 Yellow Yellow 0.0000 0.0005 0.0361 0.0000 0.9634 
Supergold Yellow Yellow 0.0000 0.0000 0.0000 0.0000 1.0000 
Supergold Popcorn Yellow Yellow 0.0000 0.0000 0.0000 0.0000 1.0000 
Sg 1533 Yellow Yellow 0.0000 0.0000 0.0000 0.0000 1.0000 
HP30I Yellow Yellow 0.0000 0.0000 0.0000 0.0000 1.0000 
Amber Pearl Yellow Yellow 0.0000 0.0000 0.0000 0.0000 1.0000 
Chapaloie Latin American Latin American 0.0000 0.9997 0.0000 0.0003 0.0000 
Maiz Reventador Latin American Latin American 0.0000 1.0000 0.0000 0.0000 0.0000 
Chihuahua 129 Reference Reference 0.0000 0.0000 0.0000 1.0000 0.0000 
Fairfax Brown Reference Early 0.9994 0.0001 0.0000 0.0005 0.0000 
Tama Flint Reference Early 0.7706 0.0000 0.0000 0.2294 0.0000 
B73 x Mo 17 Reference Reference 0.0000 0.0000 0.0000 1.0000 0.0000 
White Rice Pointed Pointed 0.0000 0.0005 0.9992 0.0000 0.0003 
Japanese Hulless Pointed Pointed 0.0000 0.0000 1.0000 0.0000 0.0000 
Illinois Hulless Pointed Pointed 0.0000 0.0000 1.0000 0.0000 0.0000 
Golden Australian Hulless Pointed Pointed 0.0000 0.0000 1.0000 0.0000 0.0000 
Pinky Popcorn Early Pointed 0.0001 0.0003 0.9976 0.0020 0.0000 
Black Beauty Pointed Pointed 0.0000 0.0012 0.9988 0.0000 0.0001 
Bearclaw Pointed Pointed 0.0001 0.0000 0.9999 0.0000 0.0000 
R-Strawberry Open Pollinated Pointed Pointed 0.0000 0.0000 1.0000 0.0000 0.0000 
North Dakota Tom Thumb Early Early 1.0000 0.0000 0.0000 0.0000 0.0000 
Black Beauty Early Early 1.0000 0.0000 0.0000 0.0000 0.0000 
Carnival Early Early 1.0000 0.0000 0.0000 0.0000 0.0000 
Black Beauty Early Early 0.9999 0.0000 0.0000 0.0001 0.0000 
Spanish Pop Early Early 0.9998 0.0000 0.0000 0.0002 0.0000 
Tom Thumb Pop Early Early 1.0000 0.0000 0.0000 0.0000 0.0000 
Argentine Pop Prolific Latin American 0.2882 0.3697 0.3418 0.0000 0.0003 
Ladyfinger Prolific Yellow 0.0339 0.0419 0.0181 0.0087 0.8974 
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the pointed popcorns from Latin America, for example, W-C 990 belonging to the race 
Canguil from Ecuador and Cuzco 31 belonging to Confite Puntiagudo from Peru, both 
mentioned as traditional pointed races of popcorn from Latin America (Grobman et al., 1961; 
Timothy et al, 1963). However, in some cases, they display a high probability of 
membership in other non-pointed Latin American popcorns, which could imply low levels of 
differentiation among populations. 
Another case was the accession Acoma Pueblo, originally grouped with non-popcorns 
used as reference in this study, showed close resemblance to the pointed popcorns on the 
basis of molecular markers, with special affinity with the sub-group of Latin American 
pointed popcorns. This relationship may be important because Acoma Pueblo is a landrace 
from New Mexico and can be viewed as a bridge between pointed populations from Latin 
America and the United States. Doebley et al. (1983) studied this particular accession (the 
same PI number, 218140) and referred to it as a pointed popcorn that may have been 
borrowed by the Acoma from either the Anglo or Hispanics during colonial times. As noted 
by Sânchez-Gonzâlez (1994), some pointed popcorns of the central highlands of Mexico 
diffused through the northern plains of Mexico and then into the United States. 
Notably, the flint type populations Tama Flint and Fairfax Brown, classified as non-
popcom, reference populations in the morphological study came up as members of the group 
of Early popcorns when molecular markers were included. Although those populations 
exhibit only slight popping capacity they are not used as popcorns. However, the fact that 
they share a significant proportion of alleles with the Early popcorns could imply that both 
groups, flint com and Early popcorn share progenitors, perhaps maize from North Western 
Mexico, as proposed by Galinat and Gunnerson (1963) and supported by Gonzâlez-Ugalde 
(1997) for Northern Flints, or that there has been gene flow between Early popcorns and 
Northern Flints after the recent (post 1800) introduction of Early popcorns to the northeastern 
U S from South America (Sânchez-Gonzâlez, 1994) and Europe (Sturtevant, 1899). 
In the case of the Prolific popcorns group, formed by Argentine Pop and Ladyfinger, 
identified as a result of the morphological analysis, this group was not supported as distinct 
through the different approaches using molecular markers, so they were assigned into other 
groups. Argentine Pop was assigned into the group of Latin American, non-pointed 
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popcorns, but the probability of membership into that group was just barely superior to the 
probability of membership into the groups of pointed popcorns and early popcorns. 
Ladyfinger was assigned with a high probability into the group of yellow popcorns, as it 
might have resulted from hybridization between Argentine Pop and a Yellow type population 
(Table 19). 
The Reference populations form a heterogeneous and to some extent, artificial group, 
and included various populations, for example B73 x Mo 17 and the South American flint 
types Uruguay 633, Little Red Flint and Unselected Little Red Flint. These populations were 
grouped together even though they have had different evolutionary histories. 
Overall Discussion about the Different Lines of Evidence and the Combined 
Analysis 
Methodologies of genetic characterization 
Genetic characterization of popcorn populations was accomplished by applying three 
different approaches: morphological characterization, and surveys of genetic diversity 
through the use of a group of isozyme loci and a group of SSR loci as molecular markers. 
When analyzed separately, data from the three methodologies provided valuable information 
about the genetic structure within populations and about the genetic relationships among 
populations, allowing the assemblage of groups of popcorn with genetic affinity, which likely 
share evolutionary pathways. 
Although morphological characterization constitutes an indirect approach for 
evaluating genetic diversity, in maize, it has been highly successful, because this species 
possesses extraordinary phenotypic variability. Additionally, this process has been optimized 
to a large extent by the studies of Sânchez-Gonzâlez et al. (1993) and Ortiz and Sevilla 
(1997), whose results have made it possible to choose the most appropriate traits, those with 
large heritability and repeatability, in other words, a high ratio between genetic variance and 
variance due to the environment and genotype by environment interactions. For optimal 
results, morphological characterization needs to be conducted with appropriate experimental 
techniques to isolate as much as possible genetic from the environmental effects, and this is 
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perhaps one of its major drawbacks, since the evaluation in multiple locations and years is an 
almost unavoidable requirement, reducing the efficiency for the generation of results and 
simultaneously increasing associated costs. In this study, results from the morphological 
characterization can be considered satisfactory, as the information provided was to a great 
extent in agreement with the information generated by molecular markers; furthermore, 
morphological characterization produced a rather natural grouping of accessions that 
corresponds, for the most part, to early classifications of popcorns in the United States 
(Eldredge and Lyerly, 1946) and to the general groups of varieties empirically recognized by 
people involved in the popcorn industry (Ziegler, 2001). 
Although the costs of molecular characterization are decreasing, currently, the costs 
associated with morphological characterization in maize are still considerably lower in 
comparison with those associated with molecular markers. This is especially true when no 
initial laboratory infrastructure is available for molecular marker evaluation. Morphological 
characterization is a valid alternative for genetic characterization under restrictive economic 
circumstances, and as an initial screening in situations where large numbers of populations 
are to be characterized, so that the number of populations to be studied with molecular 
markers can be reduced without a significant loss of information. 
Isozyme markers provide an excellent opportunity to study polymorphisms in 
expressed genes, although there could be potential changes at the DNA level without any 
change in the correspondent peptide, or the opposite situation, because peptides can be 
subjected to posttranscriptional modifications even if the DNA remains intact (Lewin, 1997). 
In this study the observed patterns of polymorphisms in general showed significant 
agreement with those of SSRs, indicating that those polymorphisms likely correspond to 
changes at the DNA level. The popularity of isozymes as molecular markers in maize grew 
in the 1980s, as extensive surveys were performed in a wide range of populations (Goodman 
and Stuber, 1983; Doebley et al., 1985; Doebley et al., 1986; Doebley et al., 1987). 
However, with the advent and increased use of DNA markers, isozymes receded in 
importance, yet did not disappear (Bretting et al., 1990, Gonzâlez-Ugalde, 1997; Sânchez-G. 
et al, 2000) because they retain crucial feature, such as the ability to identify codominant 
alleles, the relative simplicity of the assays, and more importantly, they are still somewhat 
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inexpensive in comparison to DNA markers. In this study, isozymes showed all these 
advantages and produced fundamental information for categorizing the different accessions 
according to their degree of genetic variability and for the assemblage of accessions into 
groups of similarity based on their genetic profiles. 
Some authors point out the limited number of enzymes with reliable staining 
protocols as a major constraint of this methodology (Newbury and Ford-Lloyd, 1997). That 
number, according to Goodman and S tuber (1983a) is about 35, which in absolute terms 
could seem small. In many instances, however, the actual number of markers used is even 
smaller. In a way, the relative shortage of isozyme markers could represent an advantage 
because different researchers are compelled to use the same, or at least many of the same 
markers in common, making diverse studies directly comparable and allowing the analysis of 
dispersed pieces of information for unveiling eventual relationships among populations from 
different sources. 
Methodologies for SSR evaluation in plants were first developed in the 1990s. Since 
then, they have became the preferred choice of researchers for evaluation of genetic diversity 
and systematization in maize (Chin et al., 1996; Gonzâlez-Ugalde, 1997; Smith et ai, 1997; 
Pejic et al., 1998; Senior et al., 1998; Bernardo et al., 2000; Xinhai et al., 2000; Labate et ai, 
2001). SSRs present many advantages over other types of markers: codominance, higher 
levels of polymorphisms, increased output speed with the incorporation of multiplexing 
techniques into the PCR technology, and selective neutrality is highly likely because repeated 
sequences are different from active genes as they do not represent transcribed regions in the 
genome, and should not have phenotypic effects. The convergence of those advantages 
positively affected this study because codominance enables the accurate generation of allelic 
frequencies, high polymorphism enhances the discrimination among groups of populations 
and a more precise rating of the actual genetic variation, and selective neutrality improves the 
inference of genetic relationships among populations, minimizing the effects of convergent 
evolution in the construction of trees. As a result, the SSR data in this study were very 
helpful in suggesting a framework for understanding the structure of the different groups of 
popcorns in North America. Additionally, the multiplexing technique significantly reduced 
the amount of labor and associated costs required during the PCR amplification and 
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electrophoresis, because a single reaction allowed the simultaneous amplification and 
analysis of several loci, reducing the number of gels required and speeding tlte process of 
genotyping. 
The number of pairs of primers publicly available for SSR analysis is overwhelmingly 
superior to that corresponding to isozymes, and it is growing very quickly. In December 
1998, the Maize Genome Database server (http://www.agron.missouri.edu/) reported the 
sequence for 238 primer pairs; remarkably, that number had grown to 1019 primer pairs for 
January 2000 and to 1735 one year later. Having so many DNA markers available could be 
highly advantageous for some interesting applications as gene mapping or QTL analyses. 
However, for evaluation of genetic diversity it is extremely difficult in practice to test such a 
diverse compilation of markers, which could lead to the use of independent groups of 
markers in different studies and the consequent dispersion of information. Therefore, 
attention should be directed to the definition of a core group of markers among those with the 
highest levels of polymorphisms for standard use. 
The combined dataset using the three lines of evidence presented a more 
comprehensive overview of the population structure of the accessions in this study. When 
applied separately, the different methodologies demonstrated a significant level of 
agreement, displaying similar profiles of genetic diversity for the different groups of 
accessions. However, they sometimes produced different clusters of populations. While some 
of the groups were well defined throughout the different approaches, other groups showed 
some instability regarding membership of various of their populations. Therefore, the 
analysis of the combined dataset, especially the discriminant analysis, was an effective tool 
for the attainment of a consensus in the organization of the different groups of popcorn. 
Genetic diversity of the different groups of accessions 
Genetic variation is not randomly distributed through space or time, but its distribution 
reflects the evolutionary history of populations. In this study several parameters indicating 
genetic variability were calculated using morphology, isozymes and SSR markers. The three 
different lines of evidence supported the conclusion that, the Latin American popcorns 
generally possess more abundant genetic diversity for the characters or loci evaluated in 
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relation to popcorns from the United States. This result was not completely unexpected, 
because it is now widely accepted that Latin America, specifically southern Mexico and 
Central America, constitute the center of origin of maize, and this region, along with the 
Andean countries in South America, represent the most important centers of diversification 
for this species (Vavilov, 1992). Additionally, Latin American countries have an important 
agricultural tradition, based on farmer-selected maize landraces adapted for specific 
environmental conditions. Given this situation, the expected range of variability is certainly 
high, and it is enhanced by appreciable rates of gene flow due to the free exchange of pollen 
between neighboring plots, which is truly capitalized upon because farmers use the harvested 
kernels as propagules for the next generation. 
In contrast to the Latin American populations, popcorns from the United States exhibit 
a markedly reduced genetic variability, in part because the production context is different. In 
the United States most maize, including popcorn, is produced under more favorable and 
relatively uniform environments; therefore, a reduced group of genotypes can potentially 
cover large areas, and as a consequence, the pressure for genetic diversity is not as explicit as 
it is under irregular and restrictive environments. Furthermore, for propagation of maize, 
farmers generally do not use the seed harvested during the previous cycle, nullifying in that 
way the eventual enrichment of the genetic background due to the exchange of pollen among 
populations, but every year they acquire fresh seed produced in nurseries under strict 
isolation and from populations submitted to high selection pressure. This situation is 
especially true since the advent and generalization of commercial hybrids during the 1930s 
and 1940s for both dent com (Wych, 1988) and popcorn (Ziegler, 2001). 
The degree of genetic uniformity is not the same for the different groups of popcorn 
from the United States as defined in this study. The yellow, pearl-type popcorns showed an 
outstanding group consistency, under the different types of analysis, regardless of the nature 
of the markers used for characterization. As a group, they displayed the lowest parameters of 
genetic diversity, which could be partially explained by the inclusion of several inbred lines. 
However, some of the inbred lines studied showed a low degree of heterozygosity in a 
proportion of the loci analyzed. On the other hand, it was possible to observe the presence of 
some putative open-pollinated populations having a unique, fixed allele per locus, indicating 
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absolute absence of genetic variability in the sample of loci studied, probably because of 
bottlenecks at some point in their history of regeneration. Currently the yellow, pearl-type 
varieties are the common commercial popcorns in the United States, which has motivated the 
use of intensive breeding techniques, leading to the genetic differentiation of those 
populations as a group, as well as the diminution of genetic variability within populations. 
Low genetic variability is a condition prevalent in most of the yellow popcorn populations, 
especially in those representative of heterotic patterns, such as Supergold Popcorn and 
Amber Pearl; but there are a few accessions, such as Nebraska Yellow Pearl and CHZM 07, 
097 that showed parameters of genetic variability as good as or better than those in other 
North American groups, or even comparable to some Latin American populations. Popcorn 
breeders may be able to take advantage of those populations, incorporating them into the 
breeding programs to infuse fresh variability, which would be helpful in the long term. 
The groups of Pointed and Early popcorns were more diverse (in that order), as they 
displayed higher parameters of genetic variability, than the group of Yellow popcorns. In the 
past, the Pointed and Early popcorns were important, and they are mentioned as key varieties 
since the early stages of popcorn documentation in the United States in the second half of the 
19th century (Sturtevant, 1899; Smith, 1999). Eldredge and Lyerly (1946) refer to a pointed 
popcorn, White Rice, as the most popular variety in the 1920s, and although there were some 
varieties of yellow popcorn such as Queen's Golden, the yellow popcorns only gained 
popularity in the 1930s with the advent of new varieties such as Supergold and South 
American Popcorn. Given the trend away from the pointed and early popcorns towards 
yellow, pearl-type popcorns, in all probability, this situation has significantly isolated Pointed 
and Early popcorns from mainstream breeding programs such that they are only used as 
occasional contributors of genes, rather than being the main object of improvement, which 
could explain, at least partially, the higher degree of genetic variability remaining in these 
groups. 
Origin and evolution of the groups of popcorn in the United States 
It is clear that the different groups of popcorn in the United States have different 
evolutionary histories and do not share a common, recent origin. The group of North 
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American Yellow popcorns studied closely resembled the Chilean accession CHZM 07 097 
regarding allelic frequencies in both isozyme and SSR loci, showing as well a remarkable 
phenotypic similarity, including popping expansion. That Chilean accession belongs to the 
race Curagua, to which also likely belonged the yellow variety "Valparaiso" introduced into 
the United States by sailors and frequently mentioned in New England by the middle of the 
19th century (Smith, 1999). The distribution of the race Curagua, according to Timothy et al. 
(1961) is in Central Chile around the region of Valparaiso, Talca and Rancagua, and 
according to the passport data in this study (Appendix B), accession CHZM 07 097 was 
collected in the province of Talca in 1982. From the information provided by Timothy et al. 
(1961), it can be inferred the race Curagua possesses outstanding variability, since authors 
illustrate ears with different characteristics as representative of that race and mentioned that it 
has round or pointed kernels, white or yellow endosperm and that the pericarp is frequently 
red. In fact, CHZM 07 097 presented the highest variability within the group of Yellow 
popcorns, which supports the suggestion that the North American yellow popcorns were 
derived from the race Curagua, instead of the opposite, i.e. that CHZM 07 097 could be a re-
introduction of a North American popcorn recently cultivated in Chile at the time of 
collection in 1982. In any event, given the apparent in situ variability of the race Curagua, a 
further study, focusing specifically on the relationships between a range of representative 
Yellow popcorns from the United States and a wide sampling of populations of the 
aforementioned race, would be strongly recommended to validate these conclusions. 
Regarding the Pointed group of popcorns, although there is a certain degree of 
similarity among all the populations included in it, two subgroups are clearly defined. The 
first subgroup is the most compact one, and it includes the typical pointed, rice-type popcorns 
from the United States, such as Japanese Hulless, Illinois Hulless and Golden Australian 
Hulless. The second sub-group mainly includes accessions representative of the major 
pointed popcorn races from Latin America, such as Palomero Toluqueno from Mexico, 
Confite Puntiagudo from Peru, Canguil from Ecuador, Pisankaila from Bolivia and Pisingallo 
from Argentina (Wellhausen et al., 1951; Ramirez et al., 1960; Grobman et al., 1961; 
Timothy et al., 1963). Interestingly, there are also a few accessions within this second 
subgroup that are from the United States but morphologically have more resemblance to 
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Latin American pointed popcorns than to other pointed accessions from the United States, 
manifested by more luxurious vegetative development, kernels with less pronounced points, 
more slender ears and lower popping expansion. Notably, both subgroups share resemblances 
both morphologically and at the level of molecular markers; however, in this case the 
similarities are not as close as those observed between the Yellow popcorns and CHZM 07 
097. 
Morphological similarities and possible genetic relationships among the different 
pointed popcorns from Latin America had already been noticed by several authors 
(Mangelsdorf, 1974; Sânchez-Gonzâlez, 1994; Sevilla, 1994). These relationships and 
similarities are not surprising because pre-Columbian communication and exchange of 
germplasm between indigenous groups from Mexico and South America has been 
documented (Zeven and de Wet, 1982; Eubanks, 1999; Melgar-Tisoc, 2001). Other authors 
(Anderson, 1947; Mangelsdorf, 1974) mention some similarities and likely relationships 
between Pointed popcorns, such as Japanese Hulless, from the United States and Latin 
American pointed popcorns, such as Palomero Toluqueno. The present study supports such 
thinking, by detecting a certain similarity between North American and Latin American sub­
groups, and although it was not as strong as might be expected, it has fundamental 
implications, by establishing a liaison between both subgroups with a relatively distant 
divergence. Selsam and Wexler (1976) mentioned that some of the oldest evidences for the 
use of popcorn in the United States can be traced to New Mexico, which is in agreement with 
the proposed route of dispersion of maize from the highlands of central Mexico, including 
the pointed popcorns, initially into the northern plains of Mexico and then into southwestern 
United States (Sânchez-Gonzâlez, 1994). It was possible to detect that one of the accessions 
of pointed popcorn collected in New Mexico (Acoma Pueblo) has a considerable similarity to 
the Latin American pointed popcorns with which it clusters. That similarity was also noticed 
by Doebley et al. (1983). 
The group of Early popcorns of the United States presents a different case. In some 
respects, this group shows genetic similarities to the Pointed popcorns, as shown by the 
proximity of both groups in some of the dimensions generated by the principal component 
analysis. But other than that, the Early popcorns did not show a consistent relationship to 
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other groups of popcorn. However, remarkable similarity at the level of molecular markers 
was observed between the North American Early popcorns and the non-popcorn, flint type 
populations Fairfax Brown and Tama Flint, to such a degree that the latter populations were 
included into the group of Early popcorns by the discriminant function. Tama Flint is a 
population that is typical of the Northern Flint North American race, while Fairfax Brown is 
allied with the southwestern U.S. group of maize (Gonzâlez-Ugalde, 1997). As proposed by 
Galinat and Gunnerson (1963) and supported by results from Doebley et al. (1986) and 
Gonzâlez-Ugalde (1997), the Northern Flints originated from northwestern Mexico maize 
that diffused into southwestern United States and then toward the Northeastern United States 
through the Pueblo region in New Mexico. The Early popcorns could be derivatives from the 
Northern Flints, which opens the possibility that Chapalote and Reventador popcorn races are 
contributors of genes for the popping characteristics of the Early popcorns. Also, gene flow 
between Northern Flints and Early popcorns was likely a key factor to confer earliness to 
popcorn that might not otherwise mature seeds in the northern U.S., as the Northern Flints 
are among the earliest maturing races in the world. Another possible source of germplasm to 
the Early popcorns is the group of popcorn varieties introduced from Europe in the 19lh 
century, because, as described by Sturtevant (1899), the characteristics of the kernels, the 
dimensions of the plants and phenology, have considerable resemblance to the current Early 
popcorns. Additionally, as noticed by Mangelsdorf (1974) and confirmed in this study, the 
Early popcorns also have characteristics similar to the pointed popcorns, which can be from 
the incorporation of germplasm from the highlands of central Mexico, since it also has 
contributed in the maize of southwestern United States (Goodman and Brown, 1988), or can 
be just from introgression from the U.S. pointed popcorns. 
160 
CONCLUSIONS AND RECOMMENDATIONS 
Based on the results of this study, given the sample of populations, morphological traits 
and loci analyzed, the following conclusions and recommendations are proposed: 
First, genetic characterization based on the three methodologies produced important 
information for the description and classification of popcorn populations. Molecular markers 
were extremely useful for the assessment of genetic variability, especially the SSR loci, 
because they displayed a higher level of polymorphisms. They also produced reliable 
information for the phenetic analysis because of their selective neutrality. The morphological 
characterization yielded results that were, in general, congruent to those produced by 
molecular markers, indicating that morphology can be used as a complement and as a 
preliminary tool for characterization when the number of accessions is large. Combined 
analysis, involving the three lines of evidence, proved useful for gaining a comprehensive 
overview of the phenetic relationships among the accessions. 
Second, popcorn generally possesses considerable genetic variation, especially in Latin 
American populations, in contrast to those from the United States. Popcorn accessions from 
the United States, however, display varying levels of genetic diversity, with the pointed, rice-
type popcorns being the group with the highest genetic variability, followed by the group of 
early popcorns and finally the group of yellow, pearl-type popcorns, which is genetically the 
most homogeneous. Accessions from the United States have a well-defined population 
structure, implying lower gene flow rates among groups and consequently a higher degree of 
isolation and among them. 
Third, three groups of popcorn were clearly defined, with their own distinctive 
characteristics, and presumably with their own evolutionary histories and origins: 
a). The yellow, pearl-type popcorns constitute a well-defined group embracing the most 
commonly used popcorns for commercial production in the United States today. This group 
of accessions is very similar both morphologically and via molecular markers to one of the 
accessions included in this study belonging to the race Curagua from Chile. It is proposed 
that the North American yellow, pearl-type popcorns may be derived from the 19th century 
introduction of populations of the race Curagua from Chile into New England in the United 
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States, by sailors or traders that acquired that germplasm from the region around the seaport 
of Valparaiso, which is in the area of origin of Curagua. 
b). A second group of popcorns in the United States is comprised of the pointed, rice-
type populations. The cluster defining the pointed popcorns of the United States also includes 
as a related subgroup, both at the morphological and molecular level, Latin American 
populations corresponding to traditional races of pointed popcorns, such as Palomero 
Toluquefto, Confite Puntiagudo, Canguil, Pisankaila and Pisingallo. Given the proximity 
between both sub-groups of pointed popcorns, it is hypothesized that the North American 
populations derived from the Latin American ones through the diffusion of maize of the 
central highlands of Mexico into northern Mexico and then southwestern United States, but 
having a relatively distant divergence point. 
c). A third group of North American popcorns includes the early, short-statured 
varieties. This group of popcorns shows some relationships to the group of pointed 
popcorns, but, there is no direct relationship to any of the popcorns from Latin American. 
Notably, at the level of molecular markers, the flint populations Fairfax Brown and Tama 
Flint were very close to the early popcorns. Galinat and Gunnerson (1963) proposed that the 
Northern Flints originated from maize of northwestern Mexico, which is supported by 
Gonzâlez-Ugalde (1997), who also concluded that Fairfax Brown, a southwestern maize also 
originated from maize of Northwestern Mexico. By applying the inferences of the mentioned 
authors, the early popcorns could also be related to maize of Northwestern Mexico; however, 
if that relationship exists it is a distant one, probably because of rapid rates of evolution and 
differentiation of this group of popcorn. The Northern Flints were likely important in the 
Early popcorns by conferring characteristics of earliness, which allowed these popcorns to 
adapt in northern U.S. 
Goodman and Brown (1988) mentioned that some groups of com of the United States, 
such as sweet corns and popcorns today have not been included in studies to determine a 
racial classification; therefore, the results from this study could be interpreted as a 
preliminary classification of the main popcorn populations of the United States into groups 
that can be equated to the category of race, as they comply with the definition of race given 
by Anderson and Cutler (1942), as "a group of related individuals with enough characteristics 
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in common to permit their recognition as a group" and from the genetic perspective "a race is 
a group of individuals with a significant number of genes in common." Anderson and Cutler 
(1942) visualized a race as a general background applied into a whole group, even though it 
could be sometimes overlaid by individual variation, so the race is best realized as a 
composite picture of the group, as is the case in the popcorn groups in this study. 
Fourth, in order to improve the accuracy of the conclusions about the origin of the 
different groups of North American popcorn, additional studies are recommended for each of 
those groups, including larger numbers of the presumably involved populations from Latin 
America and also including popcorn populations from Europe. 
Fifth, from a plant breeding standpoint, a closer study at the makeup of the U.S. Yellow 
popcorns is recommended to gather more information on the separation of the heterotic 
groups in use today, i.e., the Amber Pearls, the Supergolds, and the South Americans, so that, 
as new accessions are considered for use in breeding programs, they can be assigned and 





Table Al. Means, ranges and standard deviations of the means (SD) and within-plot variance 
(WPV) for 29 morphological traits measured in 56 accessions of popcorn. 
Plant height (cm) Ear height (cm) 
Accession Country Mean Ranee SD WPV Mean Ranee SD WPV 
ARZM 06 073 Argentina 269.3 222 307 23.51 360.52 137.2 85 168 20.24 448.45 
ARZM 13 073 Argentina 278.9 241 317 19.35 302.22 151.3 110 183 19.84 432.55 
ARZM 04 014 Argentina 275.9 220 339 32.82 662.97 164.1 120 201 22.96 455.25 
No. 1 Bolivia 255.8 58.0 70.0 19.68 421.00 115.6 63.0 78.0 15.00 237.32 
Brazil 2785 Brazil 286.3 245 327 22.15 439.92 170.2 138 207 18.53 308.75 
Brazil 2823 Brazil 340.9 289 384 31.42 899.07 220.0 168 285 30.62 983.20 
PG No. 10 Chile 232.9 189 266 17.8 274.72 108.5 91 150 14.4 154.27 
CHZM 07 097 Chile 255.3 208 292 26.39 371.50 112.6 71 158 22.59 472.85 
W-C 990 Ecuador 274.4 235 307 20.24 416.45 136.1 80 185 24.43 604.02 
Chihuahua 150 Mexico 237.4 195 261 19.21 355.37 97.8 69 138 17.73 324.30 
Maiz Chapaloie Mexico 283.9 222 354 36.16 782.77 154.5 114 200 29.21 542.70 
Chapalote Mexico 345.9 283 404 34.80 338.42 183.6 122 243 29.87 435.10 
Maiz Reventador Mexico 333.3 291 383 31.11 347.07 167.6 115 248 30.09 721.22 
Chihuahua 129 Mexico 249.8 195 316 27.65 619.57 92.5 67 128 17.33 247.32 
Pichinga 
Redondo 
Paraguay 356.1 303 403 27.48 566.05 226.3 168 267 25.13 513.55 
Cuzco 31 Peru 261.2 217 310 26.40 424.67 139.2 84 188 22.66 433.32 
Uruguay 633 Uruguay 299.3 239 354 29.97 318.17 156.7 125 192 19.75 143.45 
White Rice Pop USA 242.3 200 277 21.92 299.05 103.5 75 146 20.06 243.87 
Acoma Pueblo USA 238.4 182 301 28.72 563.52 101.2 67 137 19.99 395.32 
Chapalote USA 286.1 240 333 24.16 436.42 160.0 131 193 17.00 247.75 
Unsel. Little 
Red Flint 
USA 272.8 243 306 23.81 502.75 144.6 103 174 26.13 675.85 
Little Red Flint USA 276.1 246 320 20.46 344.35 142.2 111 191 16.51 285.57 
Nebr. 




USA 262.4 220 302 21.95 500.67 123.8 80 164 20.17 302.57 




USA 234.5 189 289 27.89 451.02 111.8 83 144 17.34 307.10 
USA 172.2 139 208 16.43 93.50 68.8 52 83 7.94 46.70 
Ohio Yellow USA 194.7 135 235 28.67 151.27 85.4 52 112 17.92 43.40 
165 
Table Al. (Continued). 
Plant height (cm) Ear height (cm) 
Accession Country Mean Ranee SD WPV Mean Ranee SD WPV 
South American USA 241.7 191 273 17.11 249.75 126.7 90 164 19.51 130.65 
Pop 
Red Pop USA 159.0 126 179 15.49 58.75 67.3 41 89 13.21 38.92 
IDS69 USA 140.8 121 178 18.16 23.17 57.1 42 84 13.75 22.17 
IDS28 USA 192.3 159 221 16.64 75.50 99.1 85 120 10.70 58.07 
Supergold USA 224.8 195 263 22.56 110.20 110.7 80 146 22.19 77.87 
Supergold USA 229.3 220 251 7.54 39.00 123.0 91 153 16.21 87.10 
Popcorn 
Sg 1533 USA 205.1 160 241 24.96 63.95 107.6 78 139 18.84 58.82 
HP301 USA 188.5 162 212 13.67 73.87 84.5 59 109 13.79 55.75 
Amber Pearl USA 174.8 114 214 24.10 314.12 61.9 43 81 11.46 34.05 
Fairfax Brown USA 189.7 146 230 21.81 229.02 58.5 39 82 12.36 105.30 
Tama Flint USA 208.0 138 253 29.10 404.77 56.1 33 90 16.92 258.22 
B73 x Mol7 USA 285.9 253 310 15.85 165.97 118.4 99 135 8.37 71.27 
White Rice USA 232.7 197 270 20.63 400.30 112.7 80 146 16.88 154.67 
Japanese Hulless USA 231.0 211 258 11.56 83.17 106.4 89 144 14.48 210.57 
Illinois Hulless USA 195.2 153 214 14.31 207.05 69.1 37 93 11.84 131.42 
Golden USA 154.6 126 200 22.47 429.00 56.2 31 80 12.04 131.82 
Australian 
Hulless 
Pinky Popcorn USA 186.5 155 222 19.01 393.12 53.7 28 58 16.33 287.55 
Black Beauty USA 187.8 154 216 16.91 212.07 96.2 64 120 15.14 111.12 
Bearclaw USA 142.5 103 179 20.69 270.02 36.2 9 79 16.61 162.42 
R-Strawberry USA 135.2 113 152 9.44 49.95 77.4 58 91 10.23 22.42 
Open Pollinated 
North Dakota USA 98.1 74 133 14.40 160.80 17.0 8 42 7.60 40.55 
Tom Thumb 
Black Beauty USA 108.8 84 138 12.69 122.35 14.4 6 23 4.85 17.12 
Carnival USA 124.5 84 156 17.27 331.12 24.5 8 52 9.97 112.32 
Black Beauty USA 147.3 112 181 16.89 282.10 23.8 9 50 9.03 89.10 
(52) 
Spanish Pop USA 160.2 135 180 14.27 225.85 34.2 10 60 13.26 131.17 
Tom Thumb Pop USA 61.6 34 81 12.11 89.17 8.1 2 20 4.69 11.25 
Argentine Pop USA 142.8 121 168 18.30 33.90 95.8 80 121 13.83 28.85 
Ladyfinger USA 177.2 154 203 14.14 82.62 112.3 96 133 12.43 42.22 
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Table Al. (Continued). 
Number of leaves Number of tillers per plant 
Accession Country Mean Range SD WPV Mean Range SD WPV 
ARZM 06 073 Argentina 19.2 17 21 1.24 1.27 4.2 2 1.44 1.40 
ARZM 13 073 Argentina 21.4 19 25 1.57 1.48 1.6 0 1.18 1.35 
ARZM 04 014 Argentina 26.7 24 30 1.60 2.93 1.7 0 1.33 1.80 
No. 1 Bolivia 16.5 15 18 0.99 0.70 2.1 0 0.82 0.47 
Brazil 2785 Brazil 27.1 25 30 1.37 1.86 2.3 0 1.13 1.07 
Brazil 2823 Brazil 31.1 28 35 1.70 0.85 1.5 0 1.31 2.88 
PG No. 10 Chile 19.6 17 21 1.04 1.10 0.5 0 0.76 0.60 
CHZM 07 097 Chile 19.8 16 23 2.11 2.92 1.1 0 1.04 1.10 
W-C 990 Ecuador 20.8 18 25 2.04 3.75 1.3 0 1.46 1.72 
Chihuahua 150 Mexico 16.6 14 19 1.18 0.90 2.7 0 1.17 1.12 
Maiz Chapalote Mexico 25.5 21 28 2.03 3.00 1.2 0 1.40 2.15 
Chapalote Mexico 24.1 21 27 1.37 2.18 2.7 2 0.86 0.82 
Maiz Mexico 24.3 22 27 1.49 2.52 2.4 1 0.88 0.75 
Reventador 
Chihuahua 129 Mexico 15.4 13 17 1.07 1.22 2.7 1 1.30 1.20 
Pichinga Paraguay 28.6 27 32 1.49 2.62 1.0 0 0.46 0.80 
Redondo 
Cuzco 31 Peru 20.7 19 23 1.19 0.85 0.3 0 0.57 0.25 
Uruguay 633 Uruguay 21.4 19 24 1.19 1.57 0.1 0 0.22 0.05 
White Rice Pop USA 17.8 15 21 1.74 2.15 2.7 2 0.91 0.80 
Acoma Pueblo USA 17.4 15 20 1.64 1.65 3.4 1 1.05 1.02 
Chapalote USA 24.1 22 27 1.77 1.36 1.4 0 0.99 1.00 
Unselected Little USA 21.1 18 22 1.28 1.55 0.8 0 1.13 1.45 
Red Flint 
Little Red Flint USA 20.9 19 24 1.33 2.00 0.6 0 0.93 0.47 
Nebr. Supergold USA 21.9 21 24 0.91 1.57 1.8 0 1.23 0.05 
x Tom Thumb 
Nebraska USA 20.7 18 23 1.20 1.57 0.7 0 0.91 0.55 
Yellow Pearl 
Iopopl2 USA 21.6 20 23 1.04 0.80 1.4 0 0.88 0.75 
Yellow Pearl USA 21.0 20 22 0.88 0.67 0.6 0 0.75 0.50 
Pop 
IDS91 USA 19.2 18 21 0.85 0.40 0.1 0 1 0.22 0.05 
Ohio Yellow USA 19.1 18 20 0.58 0.35 0.2 0 2 0.52 0.27 
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Table Al. (Continued). 
Number of leaves Number of tillers per plant 
Accession Country Mean Ranee SD WPV Mean Range SD WPV 
South American USA 21.6 20 24 1.18 1.62 0.1 0 2 0.49 0.25 
Pop 
Red Pop USA 17.8 17 19 0.67 0.30 1.6 0 3 1.18 0.72 
IDS69 USA 19.3 18 21 0.80 0.32 0.1 0 0.30 0.07 
IDS28 USA 23.4 22 24 0.68 0.35 0.2 0 2 0.64 0.40 
Supergold USA 21.5 20 23 0.76 0.62 0.1 0 2 0.49 0.20 
Supergold USA 21.5 20 23 0.69 0.32 0.1 0 2 0.49 0.20 
Popcorn 
Sg 1533 USA 21.8 20 24 1.28 0.37 0.6 0 2 0.81 0.30 
HP301 USA 21.1 20 23 0.79 0.32 1.5 0 3 0.88 0.70 
Amber Pearl USA 21.2 20 23 0.85 0.45 0.1 0 0.30 0.10 
Fairfax Brown USA 16.6 15 18 0.93 0.60 2.3 0 4 1.03 0.92 
Tama Flint USA 16.2 14 18 1.19 1.07 3.7 2 5 0.80 0.72 
B73 x Mol7 USA 19.4 18 20 0.68 0.30 0.1 0 0.22 0.05 
White Rice USA 19.5 17 22 1.09 0.87 2.9 0 4 1.11 0.77 
Japanese Hulless USA 19.6 17 23 1.49 1.15 2.6 1 4 0.88 0.70 
Illinois Hulless USA 16.7 14 19 1.38 2.02 3.1 0 5 1.35 1.02 
Golden USA 16.4 14 18 1.09 0.77 4.1 2 1.09 0.95 
Australian 
Hulless 
Pinky Popcorn USA 14.2 12 17 1.20 1.50 2.9 0 4 1.25 1.05 
Black Beauty USA 21.6 21 23 0.74 0.57 3.2 2 4 0.78 0.45 
(46) 
Bearclaw USA 12.2 12 15 1.00 1.12 2.4 0 4 1.14 1.07 
R-Strawberry USA 17.8 17 19 0.76 0.52 4.7 3 7 0.96 0.87 
Open Pollinated 
North Dakota USA 10.9 10 12 0.75 0.55 3.4 2 5 0.94 0.57 
Tom Thumb 
Black Beauty USA 11.4 10 12 0.60 0.40 3.1 2 4 0.76 0.22 
(50) 
Carnival USA 11.7 10 13 0.91 0.82 3.7 2 5 0.92 0.80 
Black Beauty USA 12.9 11 15 1.02 0.90 3.8 2 6 1.01 0.87 
(52) 
Spanish Pop USA 13.5 12 15 0.88 0.57 4.5 3 6 0.94 0.70 
Tom Thumb Pop USA 9.3 8 10 0.67 0.45 2.6 2 4 0.59 0.32 
Argentine Pop USA 25.2 24 26 0.76 0.37 3.3 0 5 1.45 0.65 
Ladyfmger USA 23.4 22 25 0.75 0.60 3.6 2 6 1.04 0.87 
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Table Al. (Continued). 
Accession Country 
Leaf length (cm) Leaf width (cm) 
Mean Range SD WPV Mean Ranee SD WPV 
ARZM06073 Argentina 87.5 77.3 101.5 27.40 16.93 8.3 7.0 10.4 0.75 0.56 
ARZM 13 073 Argentina 91.5 74.0 103.5 8.99 65.21 9.6 8.4 11.1 0.79 0.65 
ARZM 04 014 Argentina 92.1 74.0 104.2 9.08 58.94 10.0 8.9 11.4 0.68 0.44 
No. 1 Bolivia 85.5 69.0 91.8 5.88 34.12 8.0 6.8 9.2 0.72 0.40 
Brazil 2785 Brazil 80.9 65.5 90.4 5.93 35.94 10.3 9.0 12.3 0.83 0.74 
Brazil 2823 Brazil 89.2 71.8 109.0 8.46 82.06 10.2 8.9 11.3 0.61 0.42 
PG No. 10 Chile 95.1 80.4 112.5 8.80 89.22 11.1 8.7 14.1 1.41 2.36 
CHZM 07 097 Chile 89.1 80.9 105.0 6.64 39.52 9.9 8.8 11.6 0.69 0.35 
W-C 990 Ecuador 89.7 71.5 110.6 10.15 114.98 9.0 6.9 11.8 1.20 1.21 
Chihuahua 150 Mexico 87.5 71.5 99.5 6.65 28.13 9.5 7.9 11.7 0.94 1.00 
Maiz Chapalote Mexico 87.5 76.3 99.4 7.16 29.81 8.5 7.5 10.0 0.70 0.45 
Chapalote Mexico 106.4 91.1 129.9 11.13 82.30 9.3 8.0 11.2 0.91 0.95 
Maiz Reventador Mexico 103.4 92.1 115.2 6.35 31.49 8.8 7.1 10.1 0.75 0.53 
Chihuahua 129 Mexico 86.6 66.8 110.3 11.58 59.05 9.6 7.8 11.6 0.94 0.79 
Pichinga Paraguay 96.2 79.2 116.4 8.86 92.26 10.7 9.2 12.5 0.96 0.79 
Redondo 
Cuzco 31 Peru 88.8 75.0 103.8 7.91 66.07 9.1 7.1 11.6 1.14 1.31 
Uruguay 633 Uruguay 99.2 81.7 115.0 8.68 82.25 10.6 9.0 12.4 0.94 1.00 
White Rice Pop USA 86.2 76.7 9.6 7.07 40.82 8.2 7.2 9.4 0.68 0.36 
Acoma Pueblo USA 90.9 78.0 106.5 7.69 16.93 8.2 6.5 10.0 0.85 0.48 
Chapalote USA 89.3 77.5 98.6 7.41 36.42 9.0 7.7 10.4 0.78 0.39 
Unselected USA 89.6 76.2 107.4 10.01 109.20 10.6 8.3 11.8 0.97 1.03 
Little Red Flint 
Little Red Flint USA 85.8 78.3 94.3 3.55 10.27 10.1 9.0 11.6 0.64 0.40 
Nebr. USA 86.7 71.9 97.4 6.51 36.07 8.8 8.0 10.1 0.58 0.23 
Supergold x 
Tom Thumb 
Nebraska USA 83.6 74.0 96.6 6.92 42.96 9.6 8.9 12.5 0.82 0.71 
Yellow Pearl 
Iopopl2 USA 87.2 77.0 97.3 4.76 15.16 8.6 7.9 9.3 0.45 0.10 
Yellow Pearl USA 80.9 74.8 88.0 3.77 10.69 9.0 7.3 11.0 0.99 0.99 
Pop 
IDS91 USA 75.6 67.3 83.5 4.70 9.42 8.4 7.6 9.1 0.41 0.09 
Ohio Yellow USA 67.6 60.1 77.1 4.22 9.45 9.2 7.6 11.0 0.80 0.36 
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Table Al. (Continued). 
Leaf length (cm) Leaf width (cm) 
Accession Coantry Mean Ranee SD WPV Mean Range SD WPV 
South American USA 81.3 72.5 99.5 6.15 24.99 9.8 8.5 11.0 0.58 0.33 
Pop 
Red Pop USA 75.1 66.6 87.8 5.32 22.09 9.5 8.8 11.0 0.59 0.25 
DS69 USA 63.6 56.9 69.6 3.73 7.91 7.8 6.7 8.6 0.53 0.20 
IDS28 USA 67.0 56.0 75.7 5.35 22.45 6.5 5.2 7.5 0.58 0.23 
Supergold USA 78.1 71.5 87.4 5.20 8.25 8.3 6.8 9.0 0.64 0.09 
Supergold USA 82.4 70.0 92.4 4.51 22.64 8.3 7.4 9.1 0.40 0.12 
Popcorn 
Sg 1533 USA 84.7 78.0 92.5 4.14 14.10 9.7 8.8 10.5 0.49 0.09 
HP301 USA 76.8 71.1 82.1 3.53 12.86 8.5 7.6 9.2 0.41 0.08 
Amber Pearl USA 73.8 64.7 82.5 4.47 10.52 8.9 7.1 10.5 0.93 0.50 
Fairfax Brown USA 75.2 63.2 84.4 5.29 20.28 8.5 7.4 10.0 0.67 0.42 
Tama Flint USA 89.1 75.5 108.9 8.13 69.45 8.7 6.8 11.5 1.15 1.34 
B73 x Mol7 USA 89.4 78.0 97.2 5.79 17.37 11.3 10.3 12.1 0.59 0.12 
White Rice USA 75.3 66.0 86.4 4.38 19.30 7.7 6.4 9.2 0.79 0.36 
Japanese Hulless USA 79.1 72.0 98.6 5.99 26.49 8.2 7.0 9.1 0.62 0.40 
Illinois Hulless USA 68.8 62.2 75.4 4.16 12.48 7.2 6.4 8.4 0.56 0.29 
Golden Australian USA 63.6 51.5 73.5 6.16 31.08 7.2 5.9 9.0 0.89 0.56 
Hulless 
Pinky Popcorn USA 73.7 67.0 80.3 3.61 11.72 7.5 5.8 9.0 0.80 0.74 
Black Beauty (46) USA 79.5 68.0 90.7 5.42 15.64 8.4 7.2 10.0 0.70 0.44 
Bearclaw USA 65.7 46.1 79.4 8.17 32.12 7.7 4.9 10.7 1.51 0.95 
R-Strawberry USA 62.0 57.5 66.4 2.47 4.80 6.3 5.3 7.0 0.43 0.11 
Open Pollinated 
North Dakota USA 47.4 35.0 63.5 8.10 30.38 4.7 3.5 6.2 0.57 0.31 
Tom Thumb 
Black Beauty (50) USA 49.7 40.4 57.0 4.17 18.57 4.7 3.4 6.1 0.66 0.35 
Carnival USA 56.7 39.7 79.0 9.70 99.36 6.4 4.5 8.6 1.01 1.10 
Black Beauty (52) USA 62.1 53.6 75.2 5.83 36.34 5.8 4.0 6.9 0.71 0.50 
Spanish Pop USA 65.7 52.5 76.8 7.14 29.44 6.1 4.0 7.6 0.91 0.47 
Tom Thumb Pop USA 34.5 21.1 42.0 6.07 16.21 4.1 2.6 5.2 0.64 0.22 
Argentine Pop USA 48.8 43.3 55.7 3.23 3.39 7.7 5.9 8.4 0.66 0.48 
Ladyfinger USA 29.3 50.0 67.0 4.95 12.38 6.7 5.5 8.1 0.59 0.38 
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Table Al. (Continued). 
Days to pollen shed Days to silk 
Accession Country Mean Range SD WPV' Mean Range SD WPV' 
ARZM 06 073 Argentina 69.2 62 75 6.29 75.5 67 81 6.80 
ARZM 13 073 Argentina 73.5 70 78 4.12 82.0 78 86 4.61 
ARZM 04 014 Argentina 85.5 82 89 3.51 88.5 84 92 3.69 
No. 1 Bolivia 65.0 58 70 6.00 71.7 63 78 7.08 
Brazil 2785 Brazil 96.0 92 100 4.61 98.7 95 103 4.34 
Brazil 2823 Brazil 104.5 101 108 4.04 112.5 112 114 1.00 
PG No. 10 Chile 69.0 64 76 5.59 71.2 66 79 5.73 
CHZM 07 097 Chile 68.0 59 74 7.34 70.2 62 76 6.55 
W-C 990 Ecuador 74.2 69 80 5.56 86.0 82 90 4.08 
Chihuahua 150 Mexico 62.7 58 77 4.42 69.2 65 75 5.05 
Maiz Chapalote Mexico 87.2 79 96 7.67 94.7 85 104 8.13 
Chapalote Mexico 86.7 83 89 2.87 104.2 101 109 3.94 
Maiz Mexico 85.7 80 90 4.64 98.0 95 103 3.55 
Reventador 
Chihuahua 129 Mexico 58.7 55 61 2.87 67.0 61 71 4.54 
Pichinga Paraguay 93.0 89 97 4.08 96.2 91 101 4.99 
Redondo 
Cuzco 31 Peru 80.7 73 88 6.18 93.5 86 99 5.44 
Uruguay 633 Uruguay 76.0 71 80 4.24 81.0 76 85 3.91 
White Rice Pop USA 65.0 58 71 6.48 69.7 64 75 6.07 
Acoma Pueblo USA 67.7 63 72 4.03 73.7 70 78 3.86 
Chapalote USA 82.5 77 88 5.32 90.7 87 94 3.30 
Unselected Little USA 66.0 65 67 1.41 69.5 68 71 2.12 
Red Flint 
Little Red Flint USA 68.0 62 74 5.88 69.2 64 75 5.56 
Nebr. Supergold USA 72.5 65 81 8.18 75.2 69 83 7.32 
x Tom Thumb 
Nebraska USA 69.0 62 76 7.02 71.5 74 80 7.72 
Yellow Pearl 
Iopopl2 USA 67.5 61 74 6.95 70.5 64 77 6.95 
Yellow Pearl USA 71.5 63 80 7.85 75.2 66 83 7.81 
Pop 
IDS91 USA 73.0 64 80 8.24 77.0 68 84 7.78 
Ohio Yellow USA 74.2 64 86 9.74 77.0 66 90 10.39 
1 There is no within-plot variance because only one record was taken from each plot 
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Table Al. (Continued). 
Days to pollen shed Days to silk 
Accession Country Mean Range SD WPV Mean Range SD 
South American Pop USA 75.5 66 87 9.74 79.2 69 91 10.07 
Red Pop USA 75.7 65 86 9.87 79.5 71 89 8.42 
IDS69 USA 75.2 64 86 10.43 79.0 67 89 10.29 
IDS28 USA 74.7 62 82 7.80 80.0 72 85 5.94 
Supergold USA 78.5 67 89 9.32 83.0 72 93 8.83 
Supergold Popcorn USA 75.0 67 84 8.28 78.2 71 87 7.97 
Sg 1533 USA 79.2 71 86 6.99 82.0 74 88 6.05 
HP301 USA 74.2 65 84 9.17 77.0 69 86 8.28 
Amber Pearl USA 75.5 67 86 8.10 81.0 70 95 10.73 
Fairfax Brown USA 65.5 59 72 6.02 69.5 63 75 5.91 
Tama Flint USA 60.2 56 65 4.03 63.0 59 68 4.24 
B73 x Mol7 USA 66.0 62 70 3.65 67.5 63 72 4.20 
White Rice USA 73.5 66 84 9.00 81.5 77 89 5.74 
Japanese Hulless USA 73.0 64 83 8.60 79.0 70 90 8.86 
Illinois Hulless USA 64.7 60 71 5.61 68.5 63 78 7.14 
Golden Australian USA 67.5 61 75 7.04 72.2 65 81 7.54 
Hulless 
Pinky Popcorn USA 59.0 55 62 3.16 62.2 57 67 4.27 
Black Beauty (46) USA 78.7 72 88 8.05 83.5 77 92 7.23 
Bearclaw USA 60.0 54 65 5.83 61.2 55 67 6.13 
R-Strawberry Open USA 74.2 67 81 7.27 75.0 68 81 6.97 
Pollinated 
North Dakota Tom USA 48.0 45 51 3.46 48.5 45 51 3.00 
Thumb 
Black Beauty (50) USA 50.7 47 54 3.77 52.2 49 56 3.77 
Carnival USA 53.0 50 56 2.94 53.5 50 57 3.51 
Black Beauty (52) USA 57.0 53 60 3.16 60.0 56 63 3.16 
Spanish Pop USA 53.5 50 57 3.51 55.2 51 59 3.86 
Tom Thumb Pop USA 45.0 40 49 4.24 45.0 41 49 3.65 
Argentine Pop USA 89.5 84 95 5.32 90.2 84 95 5.61 
Ladyfinger USA 87.5 85 92 3.31 89.0 86 93 3.16 
1 There is no within-plot variance because only one record was taken from each plot 
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Table Al. (Continued). 
Anthesis-silking interval (days) Tassel length (cm) 
Accession Country Mean Ranee SD WPV1 Mean Ranee SD WPV 
ARZM 06 073 Argentina 6.2 5 7 0.95 66.9 48.9 83.1 8.43 69.80 
ARZM 13 073 Argentina 8.5 8 10 1.00 61.8 50.2 77.7 7.06 48.01 
ARZM 04 014 Argentina 3.0 2 4 0.81 53.1 41.6 63.7 4.80 17.90 
No. 1 Bolivia 6.7 5 8 1.25 70.6 57.6 79.4 6.03 41.22 
Brazil 2785 Brazil 2.7 2 3 0.50 55.0 43.8 63.5 5.42 31.90 
Brazil 2823 Brazil 8.0 4 11 3.55 54.2 37.7 70.2 7.47 37.36 
PG No. 10 Chile 2.2 1 3 0.95 59.3 43.4 67.9 6.20 43.48 
CHZM 07 097 Chile 2.2 1 3 0.95 68.4 51.3 75.6 6.51 22.23 
W-C 990 Ecuador 11.7 9 13 1.89 68.3 50.0 83.4 7.67 65.80 
Chihuahua 150 Mexico 6.5 5 9 1.91 64.9 48.5 77.9 7.56 51.78 
Maiz Chapalote Mexico 7.5 6 9 1.29 55.5 46.0 70.7 6.90 41.63 
Chapalote Mexico 17.5 15 20 2.08 72.8 56.3 83.9 6.99 41.69 
Maiz Mexico 12.5 9 16 2.98 67.6 41.1 79.5 8.26 73.23 
Reventador 
Chihuahua 129 Mexico 8.2 6 10 1.70 71.1 61.2 86.8 6.17 40.16 
Pichinga Paraguay 3.2 2 4 0.95 61.2 49.8 69.5 5.23 26.20 
Redondo 
Cuzco 31 Peru 12.7 11 15 1.70 66.0 52.6 78.7 7.80 28.82 
Uruguay 633 Uruguay 5.0 3 6 1.41 65.6 8.35 52.5 86.4 53.69 
White Rice Pop USA 4.7 4 6 0.95 62.6 50.4 79.9 7.12 31.14 
Acoma Pueblo USA 6.0 5 7 0.81 69.3 53.3 82.8 7.45 30.92 
Chapalote USA 8.2 6 12 2.62 60.8 46.7 68.5 6.14 39.95 
Unselected Little USA 3.5 3 4 0.70 60.9 50.7 75.7 6.90 51.70 
Red Flint 
Little Red Flint USA 1.2 1 2 0.50 58.4 49.5 69.8 6.06 30.94 
Nebr. Supergold USA 2.7 2 4 0.95 58.2 49.7 67.2 5.28 27.71 
x Tom Thumb 
Nebraska USA 2.5 2 4 1.00 58.7 46.2 75.3 7.12 46.46 
Yellow Pearl 
Iopopl2 USA 3.0 3 3 0.00 60.5 54.1 66.4 3.19 7.32 
Yellow Pearl USA 3.7 3 5 0.95 55.3 45.0 67.0 4.99 28.01 
Pop 
IDS91 USA 4.0 3 5 0.81 57.6 52.9 62.8 2.18 4.65 
Ohio Yellow USA 2.7 2 4 0.95 53.7 46.3 60.9 4.05 15.14 
1 There is no within-plot variance because only one record was taken from each plot 
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Table Al. (Continued). 
Anthesis-silking interval (days) Tassel length (cm) 
Accession Country Mean Range SD WPV' Mean Range SD WPV 
South American USA 3.7 3 4 0.50 50.3 44.0 56.2 3.30 11.37 
Pop 
Red Pop USA 3.7 2 6 1.70 51.5 45.4 59.2 3.91 10.72 
mS69 USA 3.8 3 5 0.95 47.2 40.5 52.5 2.89 4.91 
IDS28 USA 5.2 3 7 2.06 44.8 35.9 51.0 4.23 8.99 
Supergold USA 4.5 4 5 0.57 51.7 44.2 57.1 3.08 5.78 
Supergold USA 3.2 3 4 0.50 49.0 42.0 54.5 4.03 4.95 
Popcorn 
Sg 1533 USA 2.7 1 5 1.70 48.0 43.5 58.1 3.38 11.72 
HP301 USA 2.7 2 4 0.95 55.7 51.6 61.0 2.64 5.46 
Amber Pearl USA 5.5 3 9 2.64 48.2 38.3 55.4 4.18 17.53 
Fairfax Brown USA 4.0 3 5 0.81 60.7 49.7 68.5 5.29 22.45 
Tama Flint USA 2.7 2 3 0.50 67.5 49.9 83.8 9.21 71.54 
B73 x Mol7 USA 1.5 1 2 0.57 69.4 63.6 78.8 3.53 12.87 
White Rice USA 8.0 5 11 3.46 60.6 50.4 75.8 6.91 31.14 
Japanese Hulless USA 6.0 5 7 0.81 55.6 45.0 71.1 6.39 26.31 
Illinois Hulless USA 3.7 2 7 2.21 59.0 40.0 68.5 6.17 38.30 
Golden Australian USA 4.7 4 6 0.95 51.9 36.3 63.4 6.12 42.16 
Hulless 
Pinky Popcorn USA 3.2 2 5 1.25 62.4 48.1 74.0 6.74 52.20 
Black Beauty (46) USA 4.7 4 6 0.95 51.8 43.8 61.2 4.62 21.76 
Bearclaw USA 1.2 1 2 0.50 57.8 47.2 70.0 6.11 43.43 
R-Strawberry USA 0.7 0 1 0.50 33.8 27.3 40.5 4.01 17.66 
Open Pollinated 
North Dakota USA 0.5 0 2 1.00 41.3 31.7 53.4 6.74 27.87 
Tom Thumb 
Black Beauty (50) USA 1.5 1 2 0.57 48.7 39.3 61.0 5.55 23.37 
Carnival USA 0.5 0 1 0.57 49.4 37.5 58.2 6.02 39.82 
Black Beauty (52) USA 3.0 3 3 0.00 59.4 46.6 71.2 7.59 57.35 
Spanish Pop USA 1.7 1 2 0.50 56.0 43.2 66.2 5.73 34.49 
Tom Thumb Pop USA 0.0 -2 1 1.41 28.6 20.8 41.5 5.16 16.48 
Argentine Pop USA 0.7 0 2 0.95 33.2 29.1 39.0 2.50 3.87 
Ladyfinger USA 1.5 1 2 0.57 38.3 30.7 44.2 3.84 10.43 
1 There is no within-plot variance because only one record was taken from each plot 
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Table Al. (Continued). 
Tassel Peduncle length (cm) Tassel Branched part length (cm) 
Accession Country Mean Range SD WPV Mean Range SD WPV 
ARZM 06 073 Argentina 24.7 9.7 34.6 6.91 26.93 13.3 7.5 20.7 3.73 14.97 
ARZM 13 073 Argentina 21.7 11.3 28.5 5.19 16.28 17.0 12.5 21.3 2.43 6.77 
ARZM 04 014 Argentina 16.3 7.3 24.2 3.70 15.13 15.9 12.5 22.6 2.66 6.50 
No. 1 Bolivia 26.8 16.6 35.1 4.60 23.72 14.0 7.9 23.7 3.88 13.79 
Brazil 2785 Brazil 15.6 11.3 20.8 2.78 8.85 17.9 11.9 22.5 3.07 10.37 
Brazil 2823 Brazil 13.8 9.8 20.5 2.71 5.14 17.3 12.0 21.3 2.28 6.15 
PG No. 10 Chile 14.2 4.3 22.7 4.51 18.64 17.3 13.4 22.9 2.74 7.33 
CHZM 07 097 Chile 20.5 12.0 30.3 4.64 15.45 17.5 9.0 29.8 5.39 32.96 
W-C 990 Ecuador 23.2 12.7 36.8 5.35 25.79 15.2 6.5 24.1 5.47 32.85 
Chihuahua 150 Mexico 21.8 12.0 33.2 6.98 41.11 10.8 7.5 15.5 2.47 7.01 
Maiz Chapalote Mexico 19.3 13.5 30.2 3.65 12.82 15.5 11.1 22.0 2.76 5.08 
Chapalote Mexico 23.6 14.8 32.0 4.37 12.56 16.3 11.5 20.4 2.73 6.82 
Maiz Mexico 21.7 10.2 31.0 4.84 18.46 16.5 12.8 25.0 3.10 10.91 
Reventador 
Chihuahua 129 Mexico 29.6 20.0 36.5 4.86 24.94 7.85 3.9 12.3 2.69 5.68 
Pichinga Paraguay 16.7 11.1 22.3 2.87 9.01 19.6 14.0 25.0 3.22 11.73 
Redondo 
Cuzco 31 Peru 20.4 11.8 28.2 5.49 11.34 17.5 10.3 22.0 3.36 13.09 
Uruguay 633 Uruguay 22.6 14.6 33.4 5.02 13.86 16.3 9.7 21.0 2.90 7.92 
White Rice Pop USA 21.4 13.2 35.0 5.31 24.09 10.5 5.0 15.0 2.76 4.65 
Acoma Pueblo USA 25.2 11.4 34.2 6.23 28.86 10.9 5.3 14.6 2.21 5.08 
Chapalote USA 20.6 13.7 27.2 3.64 10.67 15.9 10.5 21.3 3.18 10.82 
Unselected USA 18.9 15.4 25.3 3.42 12.78 17.8 12.8 22.3 3.66 14.73 
Little Red Flint 
Little Red Flint USA 18.5 12.1 26.1 3.19 7.81 15.7 11.9 19.1 2.38 4.37 
Nebr. Supergold USA 18.4 12.0 25.3 3.10 5.31 17.5 13.0 21.5 2.14 4.56 
x Tom Thumb 
Nebraska USA 18.7 12.0 27.7 4.07 12.83 16.9 11.1 24.0 2.93 9.08 
Yellow Pearl 
Iopopl2 USA 19.5 16.2 22.6 1.51 2.12 14.4 11.5 17.5 1.82 3.85 
Yellow Pearl USA 17.1 13.5 23.2 3.29 8.64 14.5 9.0 20.7 3.15 6.79 
Pop 
IDS91 USA 16.2 10.5 20.6 2.23 4.18 16.6 13.2 19.7 2.22 4.40 
Ohio Yellow USA 16.9 11.8 22.4 3.24 5.96 14.7 11.5 17.7 2.04 3.59 
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Table Al. (Continued). 
Tassel Peduncle length (cm) Tassel Branched part length (cm) 
Accession Country Mean Range SD WPV Mean Ranee SD WPV 
South American USA 13.5 8.5 19.9 2.91 9.02 13.8 10.8 18.6 2.28 5.28 
Pop 
Red Pop USA 10.9 6.0 16.3 3.05 6.17 16.2 13.6 19.8 1.66 2.54 
IDS69 USA 14.3 11.3 17.7 1.63 2.51 11.7 7.9 15.8 2.58 3.33 
IDS28 USA 14.2 7.6 18.7 3.22 4.96 11.0 7.8 14.5 1.52 2.22 
Supergold USA 14.9 6.6 20.9 3.42 7.85 15.4 10.1 18.9 2.50 5.76 
Supergold USA 15.1 10.4 19.5 2.50 4.70 15.1 13.1 17.1 1.11 0.92 
Popcorn 
Sg 1533 USA 13.2 10.0 17.5 1.95 2.04 10.5 7.8 19.7 2.48 6.66 
HP301 USA 16.9 12.9 20.5 2.37 1.41 14.7 10.7 18.7 2.09 5.07 
Amber Pearl USA 13.7 9.1 18.4 2.73 7.13 13.6 9.1 17.4 1.87 2.62 
Fairfax Brown USA 22.9 15.3 30.1 4.55 18.96 10.6 6.8 13.5 1.61 2.91 
Tama Flint USA 21.1 8.7 35.2 6.98 37.27 13.2 7.3 18.6 2.99 9.87 
B73 x Mol7 USA 22.5 17.0 27.6 3.40 3.63 11.4 8.5 13.5 1.23 1.14 
White Rice USA 21.9 16.6 33.0 4.19 11.77 9.7 6.0 14.9 2.08 4.80 
Japanese Hulless USA 19.7 11.0 28.5 5.51 20.09 11.4 7.3 17.3 2.43 5.33 
Illinois Hulless USA 29.7 13.9 38.0 5.39 30.13 7.05 3.0 10.1 1.80 2.55 
Golden USA 24.0 12.6 30.9 4.52 22.29 6.2 2.0 9.4 2.09 4.35 
Australian 
Hulless 
Pinky Popcorn USA 26.5 16.0 36.1 4.53 22.23 11.0 5.4 15.4 2.39 6.46 
Black Beauty USA 18.4 13.4 26.3 3.68 9.92 8.41 0.0 15.0 4.12 17.98 
Bearclaw USA 26.0 17.5 33.5 4.70 25.79 4.7 2.0 8.0 1.61 1.30 
R-Strawberry USA 14.2 8.3 21.4 4.09 15.38 4.1 2.9 6.2 0.82 0.72 
Open Pollinated 
North Dakota USA 19.9 14.1 26.6 2.80 7.07 5.8 1.9 12.2 2.39 4.80 
Tom Thumb 
Black Beauty USA 24.5 18.8 29.8 2.57 6.38 4.8 2.9 7.9 139 1.93 
Carnival USA 21.0 10.7 27.0 4.75 25.40 5.9 2.5 11.2 2.14 2.32 
Black Beauty USA 26.9 18.5 33.0 3.95 11.37 7.2 2.6 13.5 2.50 5.47 
(52) 
Spanish Pop USA 25.1 12.4 33.3 4.36 19.38 10.9 6.5 15.0 2.20 2.73 
Tom Thumb Pop USA 17.6 12.0 24.4 2.83 8.15 2.1 1.0 4.0 0.72 0.44 
Argentine Pop USA 6.4 3.7 9.2 1.28 1.31 8.7 6.4 12.0 1.59 1.60 
Ladyfinger USA 9.3 6.1 11.9 1.57 1.70 12.5 10.1 15.2 1.36 1.03 
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Table Al. (Continued). 
Central spike length (cm) Number of primary branches 
Accession Country Mean Ranee SD WPV Mean Range SD WPV 
ARZM 06 073 Argentina 28.8 20.2 35.2 4.17 18.01 15.7 9 26 4.19 14.32 
ARZM 13 073 Argentina 23.1 20.0 43.0 2.96 9.61 32.3 20 43 7.03 53.65 
ARZM 04 014 Argentina 20.8 15.0 25.8 3.21 10.58 33.7 21 50 6.60 49.17 
No. 1 Bolivia 29.6 24.7 35.5 3.11 8.88 17.5 8 35 7.69 60.87 
Brazil 2785 Brazil 21.4 18.1 25.7 1.87 3.34 25.7 14 40 6.20 38.95 
Brazil 2823 Brazil 23.0 13.2 36.9 5.40 16.51 35.0 23 51 8.14 76.65 
PG No. 10 Chile 27.8 21.6 33.9 4.18 16.10 33.7 26 43 5.48 31.35 
CHZM 07 097 Chile 26.7 20.4 34.6 3.80 13.31 24.3 12 40 8.63 83.07 
W-C 990 Ecuador 29.8 20.9 38.4 4.90 19.05 16.9 5 31 6.66 51.30 
Chihuahua 150 Mexico 32.3 18.0 42.4 5.72 35.11 17.2 7 28 6.37 33.37 
Maiz Chapalote Mexico 20.7 14.0 27.1 3.69 15.31 27.2 19 37 5.97 29.85 
Chapalote Mexico 32.8 17.2 43.3 5.41 29.62 21.6 16 34 4.95 28.52 
Maiz Mexico 29.2 3.3 37.5 7.59 59.59 28.7 17 47 6.56 43.62 
Reventador 
Chihuahua 129 Mexico 33.5 27.6 46.2 4.28 18.34 10.4 3 24 4.83 16.25 
Pichinga Paraguay 24.8 15.0 30.7 3.60 9.72 33.2 25 45 6.15 43.97 
Redondo 
Cuzco 31 Peru 28.0 22.8 38.9 3.75 11.00 25.6 10 45 9.30 87.75 
Uruguay 633 Uruguay 26.6 19.0 35.5 4.81 26.78 19.5 6 30 4.95 23.95 
White Rice Pop USA 30.6 23.0 37.2 4.07 18.23 16.1 9 36 6.41 39.20 
Acoma Pueblo USA 33.1 28.2 44.0 4.94 22.57 15.3 6 29 5.77 30.62 
Chapalote USA 24.2 19.2 28.2 2.39 6.49 17.2 7 25 3.88 15.87 
Unselected Little USA 24.1 19.1 29.6 3.68 13.36 27.3 19 34 4.92 26.25 
Red Flint 
Little Red Flint USA 24.1 16.4 31.4 3.59 11.72 26.2 18 39 5.39 23.00 
Nebr. Supergold USA 22.2 14.5 30.5 4.01 16.80 22.8 14 32 4.26 14.50 
x Tom Thumb 
Nebraska USA 23.0 18.1 28.4 3.59 10.89 26.2 15 41 6.67 51.42 
Yellow Pearl 
Iopopl2 USA 26.4 18.6 31.5 3.24 7.25 23.0 18 30 3.89 15.42 
Yellow Pearl USA 23.6 19.0 32.0 3.31 7.30 25.1 17 41 6.55 40.35 
Pop 
IDS91 USA 24.7 19.8 29.3 2.39 2.86 19.0 12 27 4.41 16.37 
Ohio Yellow USA 22.1 19.2 25.8 2.22 4.33 14.8 10 22 3.39 4.47 
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Table Al. (Continued). 
Central spilte length (cm) Number of primary branches 
Accession Country Mean Ranee SD WPV Mean Ranee SD WPV 
South American USA 22.9 19.5 26.7 2.07 4.80 22.1 14 31 5.15 15.35 
Pop 
Red Pop USA 24.3 21.5 30.0 2.34 5.14 14.7 11 21 2.88 5.97 
[DS69 USA 21.1 16.4 26.5 2.95 2.55 17.4 10 29 4.51 8.55 
1DS28 USA 19.6 15.5 24.6 2.54 5.03 22.5 18 29 2.99 9.77 
Supergold USA 21.3 16.0 27.2 2.58 5.50 23.3 17 33 3.92 10.75 
Supergold USA 18.8 14.6 23.3 2.44 2.97 22.7 19 26 2.10 5.02 
Popcorn 
Sg 1533 USA 24.2 21.4 27.3 1.67 2.08 18.8 15 23 2.43 5.27 
HP301 USA 24.0 18.0 29.1 2.89 5.66 16.6 11 27 3.83 12.80 
Amber Pearl USA 20.8 15.0 25.4 2.46 5.85 32.1 22 42 5.72 21.55 
Fairfax Brown USA 27.1 23.7 31.7 2.15 2.54 12.4 7 16 2.58 6.30 
Tama Flint USA 33.0 24.9 46.1 5.27 29.28 16.7 10 24 3.84 15.97 
B73 x Mol7 USA 35.6 27.5 41.2 3.68 8.81 8.1 6 10 1.37 1.00 
White Rice USA 28.9 23.7 33.9 3.08 6.51 14.7 7 21 3.99 17.82 
Japanese Hulless USA 24.5 19.5 31.9 3.07 5.86 17.9 11 32 5.97 38.57 
Illinois Hulless USA 22.3 17.0 28.1 2.85 5.60 9.8 4 17 3.56 7.77 
Golden USA 21.7 17.0 27.8 2.62 6.95 7.8 3 16 3.53 12.65 
Australian 
Hulless 
Pinky Popcorn USA 24.7 19.4 29.7 2.62 6.98 15.1 7 30 5.22 26.25 
Black Beauty USA 24.9 19.0 33.5 3.62 11.91 5.9 1 12 3.32 9.95 
(46) 
Bearclaw USA 27.0 20.8 34.5 3.30 12.54 3.6 2 7 1.42 1.15 
R-Strawberry USA 15.4 12.7 18.2 1.49 1.51 14.1 10 20 2.95 9.35 
Open Pollinated 
North Dakota USA 15.6 9.6 22.6 3.67 8.89 8.3 3 13 3.13 10.30 
Tom Thumb 
Black Beauty USA 19.4 12.4 27.3 4.00 8.49 7.0 4 12 2.50 3.00 
(50) 
Carnival USA 22.5 14.2 28.9 3.62 13.36 8.0 3 18 4.03 12.40 
Black Beauty USA 25.3 15.8 37.2 5.03 26.61 8.8 2 18 4.88 15.95 
(52) 
Spanish Pop USA 19.9 16.6 24.4 2.16 4.15 12.5 5 21 4.75 15.07 
Tom Thumb Pop USA 8.9 2.4 15.3 3.68 3.29 2.2 I 8 2.21 2.15 
Argentine Pop USA 18.0 14.8 20.8 1.73 3.45 23.8 19 27 2.37 5.92 
Ladyfinger USA 16.4 12.5 19.6 2.00 3.00 23.9 20 29 2.43 5.85 
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Table Al. (Continued). 
Peduncle length/Tassel length Central spike length/Tassel length 
Accession Country Mean Range SD WPV Mean Range SD WPV 
ARZM 06 073 Argentina 0.36 0.19 0.51 0.08 0.004 0.43 0.33 0.53 0.04 0.001 
ARZM 13 073 Argentina 0.34 0.22 0.46 0.06 0.002 0.37 0.29 0.46 0.04 0.001 
ARZM 04 014 Argentina 0.30 0.17 0.37 0.05 0.003 0.39 0.29 0.52 0.05 0.003 
No. 1 Bolivia 0.37 0.24 0.44 0.04 0.002 0.42 0.33 0.50 0.05 0.002 
Brazil 2785 Brazil 0.28 0.23 0.33 0.03 0.001 0.39 0.32 0.45 0.03 0.001 
Brazil 2823 Brazil 0.25 0.20 0.35 0.03 0.001 0.42 0.32 0.52 0.05 0.002 
PG No. 10 Chile 0.23 0.07 0.33 0.06 0.003 0.47 0.38 0.57 0.06 0.002 
CHZM 07 097 Chile .031 0.20 0.41 0.06 0.003 0.41 0.33 0.47 0.04 0.002 
W-C 990 Ecuador 0.34 0.20 0.44 0.06 0.002 0.43 0.28 0.59 0.06 0.003 
Chihuahua 150 Mexico 0.33 0.21 0.50 0.08 0.007 0.50 0.35 0.66 0.09 0.008 
Maiz Chapalote Mexico 0.34 0.25 0.42 0.04 0.002 0.37 0.28 0.45 0.04 0.002 
Chapalote Mexico 0.32 0.23 0.43 0.05 0.002 0.45 0.30 0.55 0.05 0.002 
Maiz Mexico 0.32 0.15 0.60 0.08 0.006 0.42 0.08 0.52 0.09 0.008 
Reventador 
Chihuahua 129 Mexico 0.41 0.28 0.48 0.05 0.003 0.47 0.40 0.56 0.04 0.002 
Pichinga Paraguay 0.27 0.17 0.41 0.04 0.002 0.40 0.30 0.47 0.04 0.001 
Redondo 
Cuzco 31 Peru 0.30 0.21 0.39 0.06 0.002 0.42 0.34 0.50 0.04 0.002 
Uruguay 633 Uruguay 0.34 0.26 0.42 0.04 0.001 0.40 0.31 0.50 0.05 0.003 
White Rice Pop USA 0.34 0.24 0.45 0.06 0.002 0.49 0.41 0.56 0.04 0.002 
Acoma Pueblo USA 0.36 0.21 0.47 0.07 0.004 0.47 0.39 0.58 0.05 0.003 
Chapalote USA 0.33 0.24 0.39 0.03 0.001 0.40 0.33 0.47 0.03 0.001 
Unselected USA 0.31 0.24 0.35 0.03 0.001 0.39 0.32 0.46 0.04 0.001 
Little Red Flint 
Little Red Flint USA 0.31 0.23 0.40 0.04 0.001 0.41 0.32 0.46 0.03 0.001 
Nebr. Supergold USA 0.31 0.22 0.39 0.04 0.001 0.38 0.27 0.45 0.05 0.002 
x Tom Thumb 
Nebraska USA 0.31 0.23 0.41 0.04 0.001 0.39 0.31 0.48 0.04 0.001 
Yellow Pearl 
lopopl2 USA 0.32 0.26 0.41 0.03 0.001 0.43 0.34 0.49 0.04 0.001 
Yellow Pearl USA 0.30 0.22 0.38 0.04 0.001 0.42 0.33 0.53 0.05 0.001 
Pop 
IDS9I USA 0.28 0.19 0.32 0.03 0.001 0.42 0.37 0.49 0.04 0.001 
Ohio Yellow USA 0.31 0.22 0.40 0.04 0.001 0.41 0.34 0.48 0.03 0.001 
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Table Al. (Continued). 
Peduncle length/Tassel length Central spike length/Tassel length 
Accession Country Mean Range SD WPV Mean Ranee SD WPV 
South American USA 0.26 0.17 0.38 0.05 0.002 0.45 0.38 0.54 0.04 0.002 
Pop 
Red Pop USA 0.21 0.12 0.28 0.04 0.001 0.47 0.42 0.52 0.03 0.001 
mS69 USA 0.30 0.23 0.38 0.03 0.001 0.44 0.38 0.55 0.05 0.001 
IDS28 USA 0.31 0.20 0.38 0.05 0.001 0.43 0.36 0.56 0.06 0.002 
Supergold USA 0.28 0.15 0.38 0.05 0.002 0.41 0.34 0.49 0.04 0.002 
Supergold USA 0.30 0.21 0.36 0.03 0.001 0.38 0.31 0.44 0.03 0.001 
Popcorn 
Sg 1533 USA 0.27 0.23 0.33 0.03 0.001 0.50 0.41 0.56 0.04 0.001 
HP301 USA 0.30 0.23 0.36 0.04 0.001 0.43 0.34 0.54 0.04 0.001 
Amber Pearl USA 0.28 0.19 0.35 0.04 0.002 0.43 0.35 0.54 0.04 0.001 
Fairfax Brown USA 0.37 0.30 0.43 0.04 0.002 0.44 0.37 0.57 0.04 0.001 
Tama Flint USA 0.30 0.17 0.42 0.07 0.003 0.49 0.39 0.59 0.06 0.003 
B73 x Mol7 USA 0.32 0.24 0.39 0.04 0.001 0.51 0.43 0.58 0.04 0.001 
White Rice USA 0.35 0.30 0.44 0.04 0.001 0.47 0.42 0.53 0.03 0.001 
Japanese Hulless USA 0.34 0.21 0.44 0.07 0.003 0.44 0.36 0.53 0.05 0.001 
Illinois Hulless USA 0.49 0.34 0.55 0.05 0.002 0.38 0.31 0.46 0.04 0.002 
Golden USA 0.45 0.34 0.55 0.05 0.003 0.42 0.35 0.49 0.04 0.003 
Australian 
Hulless 
Pinky Popcorn USA 0.42 0.33 0.48 0.03 0.001 0.40 0.31 0.50 0.04 0.002 
Black Beauty USA 0.35 0.26 0.52 0.06 0.003 0.48 0.36 0.60 0.07 0.004 
(46) 
Bearclaw USA 0.45 0.34 0.53 0.05 0.003 0.46 0.38 0.56 0.05 0.003 
R-Strawberry USA 0.41 0.26 0.53 0.08 0.004 0.46 0.34 0.58 0.07 0.004 
Open Pollinated 
North Dakota USA 0.48 0.38 0.58 0.05 0.002 0.37 0.29 0.47 0.05 0.002 
Tom Thumb 
Black Beauty USA 0.50 0.43 0.58 0.03 0.001 0.39 0.31 0.45 0.05 0.001 
(50) 
Carnival USA 0.42 0.25 0.53 0.07 0.006 0.45 0.33 0.55 0.06 0.003 
Black Beauty USA 0.45 0.35 0.56 0.04 0.002 0.42 0.32 0.52 0.05 0.003 
(52) 
Spanish Pop USA 0.44 0.28 0.50 0.04 0.002 0.35 0.29 0.43 0.03 0.001 
Tom Thumb Pop USA 0.62 0.47 0.81 0.09 0.002 0.30 0.11 0.42 0.09 0.002 
Argentine Pop USA 0.19 0.11 0.26 0.03 0.001 0.54 0.46 0.60 0.04 0.001 
Ladyfinger USA 0.24 0.19 0.29 0.02 0.001 0.42 0.38 0.47 0.02 0.001 
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Table Al. (Continued). 
Number of ears per plant Ear length (cm) 
Accession Country Mean Range SD WPV Mean Ranee SD WPV 
ARZM 06 073 Argentina 3.0 1 7 1.52 1.70 16.2 11.1 20.1 2.29 3.41 
ARZM 13 073 Argentina 2.5 1 5 1.14 1.37 13.7 10.2 18.1 2.03 4.46 
ARZM 04 014 Argentina 3.2 2 7 1.36 1.75 16.0 13.0 18.6 1.55 1.71 
No. 1 Bolivia 1.9 1 4 1.05 1.00 13.3 9.8 17.1 1.96 4.10 
Brazil 2785 Brazil 3.7 1 7 1.58 2.22 15.2 6.3 19.8 2.83 7.04 
Brazil 2823 Brazil 2.5 1 4 0.75 0.60 17.3 13.5 20.6 2.24 5.84 
PG No. 10 Chile 1.6 1 2 0.50 0.22 17.6 11.5 21.2 2.40 5.55 
CHZM 07 097 Chile 1.8 1 4 0.76 0.57 19.6 13.6 24.0 2.63 6.64 
W-C 990 Ecuador 2.0 I 6 1.23 1.25 12.2 7.2 16.6 2.22 3.42 
Chihuahua 150 Mexico 1.4 1 3 0.60 0.42 16.4 12.6 21.4 2.71 6.50 
Maiz Chapalote Mexico 2.4 1 6 1.39 1.70 16.3 12.0 23.1 2.85 7.62 
Chapalote Mexico 1.9 0 4 1.12 1.32 18.9 12.9 27.0 3.47 13.35 
Maiz Mexico 2.2 1 4 1.07 1.25 17.1 11.5 20.9 2.86 5.73 
Reventador 
Chihuahua 129 Mexico 1.5 1 4 0.99 0.65 20.8 13.0 26.0 3.16 11.30 
Pichinga Paraguay 2.6 1 5 1.04 1.12 17.5 13.7 20.2 1.70 3.22 
Redondo 
Cuzco 31 Peru 1.2 1 2 0.41 0.15 11.3 7.8 17.2 2.85 0.85 
Uruguay 633 Uruguay 1.5 1 3 0.60 0.25 17.4 14.2 22.4 2.12 4.40 
White Rice Pop USA 2.7 1 5 0.96 0.70 15.0 12.1 18.2 1.56 2.35 
Acoma Pueblo USA 2.6 1 5 1.14 1.22 18.3 14.3 24.5 2.45 4.88 
Chapalote USA 2.5 1 5 1.31 1.70 13.8 9.3 19.7 2.25 4.13 
Unselected Little USA 1.9 1 3 0.73 0.60 18.1 14.4 24.6 2.93 9.57 
Red Flint 
Little Red Flint USA 2.2 1 4 0.63 0.37 18.1 15.9 20.0 1.08 1.11 
Nebr. Supergold USA 3.3 2 6 1.30 1.27 16.3 14.2 18.9 1.33 1.28 
x Tom Thumb 
Nebraska USA 2.0 1 4 0.56 0.35 17.6 15.0 19.5 1.36 1.79 
Yellow Pearl 
Iopopl2 USA 2.5 2 4 0.68 0.42 18.5 14.2 21.2 1.36 1.95 
Yellow Pearl USA 1.9 1 3 0.60 0.40 17.1 13.0 20.7 1.93 2.61 
Pop 
IDS91 USA 1.7 1 2 0.44 0.15 14.7 11.9 16.9 0.94 101 
Ohio Yellow USA 1.9 1 3 0.44 0.22 18.9 13.4 21.6 1.86 1.70 
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Table Al. (Continued). 
Number of ears per plant Ear length (cm) 
Accession Country Mean Range SD WPV Mean Ranee SD WPV 
South American USA 1.5 1 3 0.60 0.42 16.7 11.3 18.8 1.68 2.60 
Pop 
Red Pop USA 1.9 1 4 0.88 0.30 15.3 11.5 18.3 2.14 4.76 
mS69 USA 1.4 1 3 0.60 0.17 13.6 11.1 15.4 1.03 1.03 
IDS28 USA 2.2 1 6 1.09 1.27 10.7 7.7 13.1 1.40 1.82 
Supergold USA 2.4 1 6 1.09 0.42 13.6 8.5 16.3 1.98 2.61 
Supergold USA 2.3 2 3 0.47 0.25 12.9 11.0 15.8 1.23 1.26 
Popcorn 
Sg 1533 USA 3.5 2 6 1.19 0.92 12.2 9.0 14.1 1.34 1.67 
HP301 USA 2.2 1 4 0.71 0.42 12.9 11.2 14.2 0.89 0.57 
Amber Pearl USA 1.2 1 2 0.44 0.20 14.5 10.5 19.5 2.81 5.24 
Fairfax Brown USA 1.8 1 3 0.81 0.60 19.9 16.0 22.9 1.87 2.58 
Tama Flint USA 2.7 1 4 1.11 0.95 19.4 14.8 27.1 2.91 8.18 
B73 X Mol7 USA 1.2 1 2 0.41 0.15 23.5 22.1 25.3 0.81 0.52 
White Rice USA 2.1 1 5 1.13 0.67 12.3 9.7 14.7 1.43 2.25 
Japanese Hulless USA 1.9 1 4 0.88 0.75 10.4 6.8 12.4 1.29 0.95 
Illinois Hulless USA 2.4 1 4 1.04 1.00 11.5 9.0 13.9 1.17 1.20 
Golden USA 2.4 1 4 0.88 0.50 8.8 6.9 11.7 1.34 1.98 
Australian 
Hulless 
Pinky Popcorn USA 2.3 1 5 1.08 1.17 12.1 9.2 14.2 1.25 1.41 
Black Beauty USA 3.1 2 5 0.91 0.77 10.9 6.9 13.2 1.33 1.43 
(46) 
Bearclaw USA 2.0 1 5 1.20 0.37 10.9 8.0 12.9 1.20 1.49 
R-Strawberry USA 7.5 2 11 2.18 3.22 3.6 2.6 4.7 0.52 0.30 
Open Pollinated 
North Dakota USA 3.5 2 5 1.05 0.70 8.6 6.4 10.5 0.93 0.63 
Tom Thumb 
Black Beauty USA 4.5 2 6 1.27 0.97 11.9 10.0 13.4 0.99 0.82 
(50) 
Carnival USA 3.5 2 6 1.28 1.22 12.6 9.9 15.6 1.63 2.68 
Black Beauty USA 3.5 1 6 1.57 1.92 13.7 10.9 17.6 1.76 3.23 
(52) 
Spanish Pop USA 3.5 2 6 1.35 1.47 16.6 14.0 19.6 1.65 3.08 
Tom Thumb Pop USA 3.4 1 6 1.31 1.57 7.0 5.2 8.6 0.84 0.73 
Argentine Pop USA 6.4 2 11 2.76 5.45 7.7 6.3 8.9 0.90 0.23 
Ladyfinger USA 8.4 4 11 1.78 2.62 8.1 7.0 9.7 0.75 0.30 
182 
Table Al. (Continued). 
Ear diameter (cm) Number of kernel rows 
Accession Country Mean Range SD WPV Mean Range SD WPV 
ARZM 06 073 Argentina 3.1 2.8 3.6 0.22 0.057 18.3 14 22 2.36 5.70 
ARZM 13 073 Argentina 3.4 3.1 4.0 0.22 0.051 17.9 14 24 2.71 6.60 
ARZM 04 014 Argentina 3.0 2.7 3.5 0.22 0.047 13.9 12 16 1.21 1.60 
No. 1 Bolivia 3.4 3.0 3.8 0.24 0.062 17.0 12 26 2.86 7.70 
Brazil 2785 Brazil 2.7 2.2 3.0 0.23 0.054 13.0 10 16 1.65 3.10 
Brazil 2823 Brazil 2.5 2.2 2.9 0.22 0.030 14.6 12 20 2.35 5.33 
PG No. 10 Chile 3.4 2.9 4.0 0.31 0.071 15.9 12 20 1.77 3.60 
CHZM 07 097 Chile 3.4 2.9 4.0 0.27 0.061 16.9 12 20 1.89 2.40 
W-C 990 Ecuador 3.3 2.9 4.2 0.36 0.135 16.0 12 20 2.33 5.50 
Chihuahua 150 Mexico 3.6 3.1 4.3 0.33 0.089 18.5 14 22 2.32 4.60 
Maiz Chapalote Mexico 2.5 2.0 3.0 0.26 0.054 11.7 8 14 1.62 2.30 
Chapalote Mexico 3.0 2.6 3.7 0.32 0.104 14.2 10 18 2.04 3.30 
Maiz Mexico 3.2 2.9 3.8 0.25 0.052 20.0 14 28 3.72 11.60 
Reventador 
Chihuahua 129 Mexico 3.7 2.8 4.1 0.27 0.070 12.4 10 14 1.23 1.50 
Pichinga Paraguay 3.0 2.7 3.7 0.29 0.074 15.7 14 20 1.75 2.90 
Redondo 
Cuzco 31 Peru 3.2 2.9 3.9 0.29 0.096 15.0 12 16 1.43 2.15 
Uruguay 633 Uruguay 3.9 3.4 4.3 0.28 0.084 12.2 10 14 1.57 2.00 
White Rice Pop USA 3.6 3.0 4.0 0.26 0.067 18.1 14 24 2.63 4.90 
Acoma Pueblo USA 3.2 3.0 3.6 0.17 0.032 13.9 12 18 2.10 4.50 
Chapalote USA 3.0 2.6 3.3 0.21 0.055 13.2 10 18 2.09 4.90 
Unselected Little USA 3.8 3.3 4.4 0.33 0.126 15.4 12 20 2.67 6.80 
Red Flint 
Little Red Flint USA 3.7 3.4 4.0 0.20 0.034 16.4 14 20 1.53 2.70 
Nebr. Supergold USA 3.0 2.8 3.3 0.11 0.013 14.0 10 18 2.24 5.70 
x Tom Thumb 
Nebraska USA 3.3 3.1 3.7 0.15 0.025 17.4 14 24 2.16 4.90 
Yellow Pearl 
Iopopl2 USA 3.3 3.1 3.6 0.16 0.014 16.2 14 18 1.57 2.80 
Yellow Pearl USA 3.1 2.9 3.5 0.20 0.037 15.6 14 18 1.04 1.00 
Pop 
IDS91 USA 2.7 2.5 3.0 0.13 0.015 13.0 12 16 1.21 1.60 
Ohio Yellow USA 3.0 2.5 3.4 0.26 0.037 12.5 8 16 1.82 2.70 
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Table AI. (Continued). 
Ear diameter (cm) Number of kernel rows 
Accession Country Mean Range SD WPV Mean Ranee SD WPV 
South American USA 3.2 3.0 3.6 0.17 0.027 14.0 12 16 1.29 1.40 
Pop 
Red Pop USA 3.0 2.6 3.5 0.24 0.050 14.4 12 18 1.66 1.40 
IDS69 USA 2.6 2.4 2.8 0.11 0.011 12.6 12 14 0.94 0.90 
IDS28 USA 2.7 2.0 3.2 0.32 0.064 14.9 12 18 1.84 2.02 
Supergold USA 3.0 2.6 3.4 0.23 0.019 18.4 14 22 2.56 3.70 
Supergold USA 3.1 2.8 3.3 0.11 0.012 18.5 16 20 1.57 1.40 
Popcorn 
Sg 1533 USA 3.2 3.0 3.5 0.15 0.015 14.2 12 16 1.10 1.40 
HP301 USA 2.8 2.6 3.0 0.13 0.010 14.3 14 16 0.73 0.30 
Amber Pearl USA 2.5 2.0 2.8 0.23 0.028 14.4 14 16 0.82 0.40 
Fairfax Brown USA 3.1 2.7 3.6 0.22 0.049 108 8 12 1.51 2.60 
Tama Flint USA 3.4 3.1 3.7 0.21 0.035 8.0 8 8 0.00 0.00 
B73 x Mol7 USA 4.9 4.6 5.3 0.21 0.030 15.4 14 18 1.46 2.30 
White Rice USA 3.7 3.1 4.4 0.31 0.089 21.9 14 28 3.14 11.00 
Japanese Hulless USA 4.0 3.5 4.6 0.29 0.093 26.1 20 30 2.86 7.20 
Illinois Hulless USA 3.7 3.2 4.3 0.29 0.090 24.3 18 30 2.53 5.20 
Golden USA 3.7 3.0 4.3 0.32 0.040 25.0 20 30 3.00 6.30 
Australian 
Hulless 
Pinky Popcorn USA 3.2 2.8 3.6 0.21 0.033 15.7 14 18 1.34 2.00 
Black Beauty USA 3.4 2.6 3.9 0.36 0.087 17.6 16 20 1.66 3.10 
(46) 
Bearclaw USA 3.7 3.2 4.2 0.26 0.063 18.8 16 22 2.03 4.00 
R-Strawberry USA 3.5 3.0 3.9 0.21 0.037 27.0 18 32 3.08 10.80 
Open Pollinated 
North Dakota USA 2.7 2.3 3.2 0.20 0.034 12.4 10 14 1.04 0.80 
Tom Thumb 
Black Beauty USA 2.8 2.5 3.2 0.17 0.022 11.3 10 12 0.97 0.70 
(50) 
Carnival USA 2.7 2.5 3.1 0.15 0.019 13.7 12 16 1.49 2.30 
Black Beauty USA 2.6 2.3 2.9 0.19 0.036 11.9 8 16 1.99 4.00 
(52) 
Spanish Pop USA 2.8 2.6 3.1 0.15 0.021 9.3 8 12 1.34 1.60 
Tom Thumb Pop USA 2.0 1.7 2.3 0.17 0.035 10.3 8 12 1.06 1.29 
Argentine Pop USA 1.8 1.4 1.9 0.15 0.013 12.0 10 14 0.92 0.60 
Ladyfinger USA 1.9 1.8 2.1 0.09 0.010 11.9 10 14 1.02 1.10 
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Table Al. (Continued). 
Ear length/Ear diameter Kernel length (mm) 
Accession Country Mean Ranee SD WPV Mean Ranee SD WPV 
ARZM 06 073 Argentina 5.3 3.8 6.6 0.74 0.360 8.0 7.5 8.8 0.37 0.114 
ARZM 13 073 Argentina 4.0 2.6 5.6 0.69 0.555 7.9 7.0 9.3 0.67 0.508 
ARZM 04 014 Argentina 5.3 4.0 6.5 0.72 0.392 8.2 7.2 9.2 0.47 0.213 
No. 1 Bolivia 3.9 2.7 5.3 0.58 0.350 8.9 7.8 9.9 0.70 0.578 
Brazil 2785 Brazil 5.7 2.2 8.2 1.14 1.355 7.6 6.6 8.4 0.52 0.203 
Brazil 2823 Brazil 6.8 4.7 8.2 1.01 0.978 7.3 6.5 8.5 0.64 0.433 
PG No. 10 Chile 5.1 3.8 6.6 0.86 0.592 8.3 6.6 9.5 0.68 0.541 
CHZM 07 097 Chile 5.9 3.9 7.1 0.85 0.649 8.4 7.5 9.1 0.42 0.112 
W-C 990 Ecuador 3.7 2.5 5.2 0.68 0.305 9.2 8.2 10.5 0.56 0.375 
Chihuahua 150 Mexico 4.6 3.2 6.1 0.85 0.611 9.3 7.3 11.1 0.98 0.972 
Maiz Chapalote Mexico 6.5 4.7 7.9 0.93 0.966 6.5 5.5 7.7 0.63 0.330 
Chapalote Mexico 6.2 3.9 9.6 1.45 2.316 7.7 6.1 9.8 1.04 1.205 
Maiz Mexico 5.2 3.9 6.4 0.78 0.393 7.4 6.0 8.8 0.85 0.701 
Reventador 
Chihuahua 129 Mexico 5.6 3.7 7.0 0.73 0.633 10.2 9.0 11.1 0.73 0.383 
Pichinga Paraguay 5.8 4.9 7.3 0.70 0.521 8.2 7.2 9.6 0.69 0.283 
Redondo 
Cuzco 31 Peru 3.5 2.3 5.9 0.95 0.762 8.7 6.9 11.5 1.13 1.506 
Uruguay 633 Uruguay 4.5 3.7 5.4 0.48 0.202 9.9 8.2 11.3 0.84 0.528 
White Rice Pop USA 4.2 3.1 4.8 0.49 0.200 9.8 8.7 10.8 0.56 0.313 
Acoma Pueblo USA 5.6 4.3 7.1 0.76 0.447 9.0 8.1 9.9 0.51 0.301 
Chapalote USA 4.6 3.2 5.9 0.80 0.587 7.9 6.5 9.4 0.69 0.489 
Unselected Little USA 4.8 3.4 6.8 0.91 0.931 9.3 8.3 10.8 0.78 0.623 
Red Flint 
Little Red Flint USA 4.9 4.1 5.7 0.43 0.191 9.3 8.2 10.2 0.46 0.244 
Nebr. Supergold USA 5.4 4.5 6.5 0.50 0.219 8.4 6.8 9.2 0.57 0.264 
x Tom Thumb 
Nebraska USA 5.3 4.7 6.0 0.41 0.172 8.4 7.2 9.6 0.60 0.365 
Yellow Pearl 
Iopopl2 USA 5.6 4.4 6.6 0.49 0.251 8.3 7.9 8.9 0.32 0.120 
Yellow Pearl USA 5.5 4.2 6.8 0.64 0.355 8.0 6.1 9.3 0.78 0.613 
Pop 
IDS91 USA 5.4 4.6 6.2 0.36 0.136 7.3 6.5 8.1 0.37 0.119 
Ohio Yellow USA 6.3 5.1 7.9 0.58 0.251 7.6 7.0 8.3 0.41 0.088 
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Table Al. (Continued). 
Ear length/Ear diameter Kernel length (mm) 
Accession Country Mean Range SD WPV Mean Range SD WPV 
South American USA 5.3 3.6 6.2 0.59 0.364 7.8 7.0 8.9 0.55 0.328 
Pop 
Red Pop USA 5.1 3.9 6.5 0.78 0.670 8.2 6.9 9.0 0.52 0.184 
IDS69 USA 5.2 4.6 5.7 0.36 0.090 7.11 6.4 7.8 0.36 0.106 
LDS28 USA 4.0 2.8 5.3 0.58 0.259 6.5 5.7 7.7 0.40 0.184 
Supergold USA 4.5 3.3 5.9 0.67 0.339 8.0 7.2 9.1 0.57 0.154 
Supergold USA 4.2 3.5 5.2 0.44 0.131 8.4 7.8 9.1 0.40 0.189 
Popcorn 
Sg 1533 USA 3.8 2.7 4.5 0.46 0.165 7.6 7.2 8.5 0.41 0.123 
HP301 USA 4.6 3.8 5.3 0.43 0.087 7.0 6.6 7.6 0.29 0.088 
Amber Pearl USA 5.9 4.3 7.5 1.03 0.721 5.9 5.1 6.6 0.41 0.123 
Fairfax Brown USA 6.4 5.0 7.7 0.71 0.557 8.2 7.1 9.6 0.68 0.236 
Tama Flint USA 5.7 4.3 7.3 0.79 0.586 8.8 7.5 9.9 0.58 0.207 
B73 x Mol7 USA 4.8 4.4 5.1 0.18 0.022 13.5 11.9 14.6 0.68 0.296 
White Rice USA 3.3 2.7 3.8 0.32 0.111 9.2 8.2 10.6 0.71 0.405 
Japanese Hulless USA 2.6 1.9 3.2 0.29 0.053 8.9 7.7 10.5 0.72 0.512 
Illinois Hulless USA 3.1 2.3 4.3 0.44 0.171 8.8 7.6 9.9 0.59 0.375 
Golden USA 2.4 1.7 3.6 0.46 0.175 8.0 7.3 8.9 0.46 0.230 
Australian 
Hulless 
Pinky Popcorn USA 3.8 2.9 4.9 0.44 0.172 7.9 6.7 8.8 0.51 0.257 
Black Beauty USA 3.2 2.6 3.8 0.34 0.107 7.5 6.3 8.7 0.56 0.214 
(46) 
Bearclaw USA 3.0 2.2 3.5 0.35 0.127 7.4 6.5 8.3 0.44 0.197 
R-Strawberry USA 1.0 0.7 1.3 0.14 0.020 7.2 6.4 9.1 0.56 0.291 
Open Pollinated 
North Dakota USA 3.1 2.7 3.7 0.28 0.081 6.9 6.0 8.3 0.53 0.264 
Tom Thumb 
Black Beauty USA 4.3 3.4 5.2 0.53 0.197 7.0 6.6 7.6 0.29 0.087 
Carnival USA 4.6 3.5 5.9 0.64 0.365 6.5 5.6 7.8 0.62 0.395 
Black Beauty USA 5.3 4.2 6.7 0.75 0.606 6.8 6.1 8.0 0.51 0.272 
(52) 
Spanish Pop USA 5.9 4.8 6.9 0.56 0.369 7.1 6.2 7.7 0.44 0.187 
Tom Thumb Pop USA 3.5 2.7 4.3 0.38 0.146 5.6 4.7 6.8 0.57 0.209 
Argentine Pop USA 4.4 3.7 5.0 0.37 0.111 5.1 4.2 5.6 0.41 0.127 
Ladyfrager USA 4.3 3.8 5.1 0.41 0.088 5.7 5.4 6.2 0.26 0.042 
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Table Al. (Continued). 
Kernel width (mm) Kernel thickness (mm) 
Accession Country Mean Range SD WPV Mean Ranee SD WPV 
ARZM 06 073 Argentina 5.1 4.4 6.1 0.49 0.173 3.5 3.1 4.5 0.36 0.138 
ARZM 13 073 Argentina 5.9 4.5 7.8 0.71 0.351 3.8 3.0 5.2 0.51 0.199 
ARZM 04 014 Argentina 6.1 5.2 6.8 0.43 0.129 3.4 3.0 4.3 0.32 0.086 
No. 1 Bolivia 5.4 4.6 6.4 0.46 0.229 3.7 3.1 4.5 0.33 0.070 
Brazil 2785 Brazil 4.8 3.5 5.7 0.58 0.376 3.7 3.2 4.3 0.26 0.071 
Brazil 2823 Brazil 4.9 3.8 5.9 0.72 0.372 3.6 3.4 3.9 0.19 0.043 
PG No. 10 Chile 6.5 5.2 7.6 0.60 0.429 3.7 3.2 4.2 0.32 0.094 
CHZM 07 097 Chile 5.9 5.0 7.6 0.59 0.320 3.8 3.1 5.0 0.39 0.134 
W-C 990 Ecuador 5.4 4.4 6.3 0.53 0.301 4.3 3.6 5.1 0.46 0.187 
Chihuahua 150 Mexico 5.7 4.7 6.4 0.48 0.184 3.6 2.9 4.5 0.37 0.105 
Maiz Chapalote Mexico 6.1 5.4 7.3 0.49 0.194 4.1 3.4 5.3 0.52 0.290 
Chapalote Mexico 6.6 5.0 7.9 0.79 0.530 4.5 3.6 6.4 0.59 0.271 
Maiz Mexico 5.1 4.3 5.9 0.51 0.222 3.6 2.9 4.6 0.43 0.174 
Reventador 
Chihuahua 129 Mexico 9.0 7.9 10.0 0.53 0.234 4.9 4.1 6.5 0.67 0.327 
Pichinga Paraguay 5.7 4.7 6.5 0.47 0.230 3.4 2.8 3.8 0.30 0.028 
Redondo 
Cuzco 31 Peru 5.7 4.3 7.7 0.90 0.964 4.5 3.8 6.2 0.59 0.419 
Uruguay 633 Uruguay 8.7 7.6 9.9 0.65 0.425 4.1 3.4 4.7 0.40 0.102 
White Rice Pop USA 5.3 4.6 6.0 0.35 0.129 3.4 2.8 4.1 0.36 0.105 
Acoma Pueblo USA 6.6 5.8 7.9 0.51 0.285 4.1 3.4 4.8 0.43 0.177 
Chapalote USA 6.9 5.9 8.1 0.62 0.409 3.7 3.3 4.4 0.33 0.111 
Unselected Little USA 7.1 6.3 OO
 
0.60 0.378 3.7 3.0 4.3 0.36 0.134 
Red Flint 
Little Red Flint USA 6.5 5.6 7.2 0.47 0.245 3.6 3.1 4.1 0.28 0.063 
Nebr. Supergold USA 6.0 4.8 6.9 0.59 0.349 3.6 3.3 4.4 0.27 0.053 
x Tom Thumb 
Nebraska USA 5.5 4.8 6.0 0.32 0.098 3.6 3.1 4.2 0.34 0.103 
Yellow Pearl 
Iopopl2 USA 5.8 5.3 6.7 0.36 0.095 3.5 3.2 4.1 0.21 0.044 
Yellow Pearl USA 5.7 5.2 6.7 0.38 0.150 3.7 3.0 4.3 0.26 0.069 
Pop 
IDS91 USA 6.1 5.2 6.7 0.32 0.120 4.5 3.7 6.1 0.56 0.203 
Ohio Yellow USA 6.3 5.1 6.9 0.56 0.263 4.4 3.8 5.4 0.47 0.186 
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Table Al. (Continued). 
Kernel width (mm) Kernel thickness (mm) 
Accession Country Mean Range SD WPV Mean Range SD WPV 
South American USA 6.1 5.2 7.2 0.50 0.254 3.8 3.2 4.2 0.22 0.050 
Pop 
Red Pop USA 5.7 5.0 6.5 0.45 0.223 4.5 4.0 5.1 0.34 0.119 
IDS69 USA 5.6 2.9 6.4 0.73 0.514 4.1 3.5 4.8 0.37 0.079 
IDS28 USA 5.2 4.5 5.9 0.34 0.094 3.8 3.0 5.1 0.68 0.131 
Supergold USA 5.0 4.5 5.3 0.23 0.043 4.1 3.6 4.7 0.29 0.068 
Supergold USA 5.1 4.6 5.4 0.25 0.030 4.1 3.6 4.6 0.23 0.049 
Popcorn 
Sg 1533 USA 6.3 5.5 6.7 0.28 0.085 4.7 3.9 5.9 0.54 0.131 
HP301 USA 5.2 4.6 5.8 0.29 0.093 4.3 3.5 4.8 0.28 0.055 
Amber Pearl USA 4.9 4.2 5.5 0.42 0.138 4.5 3.6 5.3 0.41 0.115 
Fairfax Brown USA 7.8 6.7 8.5 0.55 0.182 4.2 3.5 4.7 0.30 0.082 
Tama Flint USA 10.3 8.9 11.6 0.61 0.284 4.3 3.6 5.1 0.35 0.096 
B73 x Mol7 USA 8.6 7.8 9.7 0.46 0.191 4.0 3.5 4.5 0.24 0.049 
White Rice USA 4.6 3.8 5.4 0.37 0.135 3.5 2.8 4.4 0.38 0.083 
Japanese Hulless USA 4.4 3.7 5.3 0.39 0.173 3.5 2.8 4.5 0.41 0.123 
Illinois Hulless USA 4.2 3.9 4.6 0.21 0.036 3.3 2.8 4.4 0.35 0.092 
Golden USA 4.3 3.7 4.9 0.36 0.134 3.5 2.3 4.6 0.64 0.090 
Australian 
Hulless 
Pinky Popcorn USA 5.8 5.11 6.5 0.37 0.152 3.4 2.9 3.9 0.28 0.087 
Black Beauty USA 5.1 4.0 5.7 0.36 0.103 4.3 3.5 5.2 0.46 0.113 
(46) 
Bearclaw USA 5.1 4.4 5.7 0.47 0.164 4.2 3.7 4.9 0.37 0.054 
R-Strawberry USA 3.7 3.2 4.2 0.30 0.094 3.7 3.0 4.3 0.34 0.099 
Open Pollinated 
North Dakota USA 6.0 5.0 6.6 0.41 0.149 3.5 3.2 4.0 0.18 0.033 
Tom Thumb 
Black Beauty USA 6.8 6.1 7.2 0.31 0.098 3.9 3.5 4.9 .031 0.116 
(50) 
Carnival USA 5.9 4.7 7.1 0.59 0.417 3.7 3.2 4.3 0.33 0.097 
Black Beauty 
(52) 
USA 6.3 5.5 7.1 0.44 0.198 3.8 3.3 4.2 0.27 0.056 
Spanish Pop USA 7.9 6.8 9.1 0.65 0.299 3.9 3.4 4.4 0.26 0.080 
Tom Thumb Pop USA 5.3 4.7 6.1 0.44 0.225 3.4 2.9 4.1 0.30 0.092 
Argentine Pop USA 4.1 3.5 4.6 0.27 0.084 2.6 2.4 3.2 0.21 0.040 
Ladyfinger USA 4.6 4.1 5.0 0.23 0.061 2.8 2.6 3.2 0.16 0.023 
188 
Table Al. (Continued). 
Number of kernels per 10 g Kernel length/ Kernel width 
Accession Country Mean Range SD WPV Mean Ranee SD WPV 
ARZM 06 073 Argentina 99.6 92 106 4.84 7.75 1.5 1.2 1.9 0.17 0.017 
ARZM 13 073 Argentina 77.8 69 88 6.79 5.00 1.3 0.9 1.9 0.24 0.050 
ARZM 04014 Argentina 90.8 77 106 10.01 9.16 1.3 1.1 1.5 0.10 0.011 
No. 1 Bolivia 75.2 69 80 3.10 6.41 1.6 1.3 2.0 0.15 0.024 
Brazil 2785 Brazil 122.4 94 149 20.02 37.50 1.6 1.3 2.3 0.24 0.069 
Brazil 2823 Brazil 193.7 108 294 85.28 15.16 1.5 1.2 1.8 0.16 0.014 
PG No. 10 Chile 70.9 58 80 6.90 3.58 1.3 1.0 1.5 0.13 0.019 
CHZM 07 097 Chile 73.5 64 83 6.66 11.08 1.4 1.1 1.6 0.12 0.012 
W-C 990 Ecuador 73.8 64 83 7.14 6.75 1.7 1.4 2.0 0.15 0.025 
Chihuahua ISO Mexico 62.3 55 71 4.86 11.50 1.6 1.3 1.9 0.17 0.021 
Maiz Chapalote Mexico 89.2 73 109 13.11 12.33 1.0 0.9 1.1 0.06 0.003 
Chapalote Mexico 78.3 60 99 14.19 9.83 1.1 0.8 1.3 0.11 0.011 
Maiz Mexico 114.9 92 158 24.73 9.91 1.4 1.2 2.0 0.20 0.047 
Reventador 
Chihuahua 129 Mexico 35.0 31 39 2.04 3.83 1.1 0.9 1.4 0.11 0.010 
Pichinga Paraguay 94.7 78 109 12.25 4.33 1.4 1.2 1.7 0.13 0.015 
Redondo 
Cuzco 31 Peru 72.0 67 79 4.12 15.50 1.5 1.2 1.8 0.20 0.044 
Uruguay 633 Uruguay 41.4 36 47 4.01 2.50 1.1 1.0 1.4 0.11 0.008 
White Rice Pop USA 81.2 75 90 4.28 6.91 1.8 1.5 2.1 0.15 0.024 
Acoma Pueblo USA 59.0 54 67 4.89 2.08 1.4 1.1 1.7 0.14 0.020 
Chapalote USA 77.9 65 100 11.73 14.16 1.1 0.9 1.4 0.12 0.016 
Unselected Little USA 54.0 52 56 1.26 1.33 1.3 1.2 1.5 0.11 0.009 
Red Flint 
Little Red Flint USA 54.7 51 58 2.00 1.59 1.4 1.2 1.6 0.12 0.015 
Nebr. Supergold USA 68.2 63 77 4.76 1.75 1.4 1.2 1.8 0.13 0.019 
x Tom Thumb 
Nebraska USA 79.5 73 90 4.83 6.75 1.5 1.2 1.8 0.15 0.022 
Yellow Pearl 
Iopopl2 USA 74.8 70 80 2.97 6.33 1.4 1.3 1.7 0.11 0.009 
Yellow Pearl USA 76.3 70 86 6.00 1.50 1.4 1.2 1.6 0.12 0.008 
Pop 
IDS91 USA 69.9 65 77 3.67 2.16 1.2 1.1 1.3 0.07 0.004 
Ohio Yellow USA 71.2 61 87 9.67 0.91 1.2 1.0 1.4 0.09 0.009 
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Table Al. (Continued). 
Number of kernels per 10 g Kernel length/ Kernel width 
Accession Country Mean Range SD WPV Mean Range SD WPV 
South American USA 82.3 73 87 3.67 6.16 1.3 1.0 1.4 0.08 0.006 
Pop 
Red Pop USA 68.9 61 78 5.86 3.58 1.4 1.3 1.7 0.11 0.010 
IDS69 USA 86.6 72 99 10.72 5.08 1.3 1.1 2.4 0.28 0.081 
IDS28 USA 113.5 96 126 10.60 9.83 1.2 1.1 1.4 0.07 0.004 
Supergold USA 92.7 82 115 12.90 2.41 1.6 1.4 1.9 0.14 0.007 
Supergold USA 83.9 75 93 7.40 3.50 1.6 1.4 1.9 0.11 0.009 
Popcorn 
Sg 1533 USA 64.0 55 71 5.49 1.91 1.2 1.1 1.5 0.08 0.006 
HP301 USA 96.0 88 107 7.18 5.75 1.3 1.2 1.5 0.06 0.005 
Amber Pearl USA 126.7 103 148 17.66 7.33 1.2 1.0 1.4 0.12 0.009 
Fairfax Brown USA 60.3 46 78 10.86 4.75 1.0 0.9 1.2 0.05 0.002 
Tama Flint USA 35.5 29 40 3.70 2.00 0.8 0.7 1.0 0.05 0.002 
B73 X Mol7 USA 28.2 25 33 2.41 1.16 1.6 1.4 1.8 0.12 0.012 
White Rice USA 90.2 84 100 4.99 4.25 2.0 1.6 2.5 0.20 0.049 
Japanese Hulless USA 96.1 90 101 3.37 12.33 2.0 1.7 2.3 0.18 0.039 
Illinois Hulless USA 112.7 104 121 5.53 12.33 2.1 1.8 2.3 0.12 0.015 
Golden USA 160.7 146 175 8.35 27.25 1.9 1.5 2.2 0.19 0.038 
Australian 
Hulless 
Pinky Popcorn USA 82.1 76 93 4.67 10.08 1.4 1.2 1.6 0.10 0.011 
Black Beauty USA 101.3 84 120 13.10 2.83 1.5 1.3 1.7 0.10 0.009 
(46) 
Bearclaw USA 105.1 83 117 9.63 9.11 1.4 1.2 1.8 0.17 0.020 
R-Strawberry USA 182.5 166 215 16.16 29.16 1.9 1.7 2.3 0.17 0.033 
Open Pollinated 
North Dakota USA 118.9 113 134 6.89 6.00 1.2 1.0 1.3 0.09 0.005 
Tom Thumb 
Black Beauty USA 85.6 76 94 6.00 4.25 1.0 0.9 1.1 0.04 0.001 
(50) 
Carnival USA 100.0 88 124 12.57 10.33 1.1 0.9 1.2 0.08 0.006 
Black Beauty USA 95.0 88 101 3.56 5.41 1.1 0.9 1.2 0.07 0.007 
(52) 
Spanish Pop USA 61.8 57 66 3.01 3.58 0.9 0.8 1.1 0.07 0.005 
Tom Thumb Pop USA 151.4 132 175 14.87 34.58 1.0 0.8 1.3 0.13 0.012 
Argentine Pop USA 266.6 253 288 11.78 45.25 1.2 1.0 1.4 0.09 0.006 
Ladyfinger USA 203.5 187 232 15.62 11.00 1.3 1.1 1.5 0.07 0.005 
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Table Al. (Continued). 
Kernel width/ Kernel thickness Popping expansion (cnrVg) 
Accession Country Mean Ranee SD WPV Mean Ranee SD WPV' 
ARZM 06 073 Argentina 1.5 1.2 1.8 0.16 0.024 930 800 1020 93.09 
ARZM 13 073 Argentina 1.6 1.0 1.8 0.19 0.037 565 480 720 113.57 
ARZM 04 014 Argentina 1.8 1.5 2.1 0.15 0.021 500 480 560 40.0 
No. 1 Bolivia 1.5 1.2 1.7 0.16 0.025 735 620 840 95.74 
Brazil 2785 Brazil 1.3 0.9 1.6 0.19 0.041 600 180 1000 400.99 
Brazil 2823 Brazil 1.4 1.0 1.7 0.21 0.032 435 100 860 375.01 
PG No. 10 Chile 1.7 1.3 2.0 0.17 0.027 410 320 480 68.31 
CHZM 07 097 Chile 1.5 1.0 1.9 0.18 0.034 1145 980 1320 138.92 
W-C 990 Ecuador 1.3 1.0 1.7 0.16 0.030 700 400 860 204.61 
Chihuahua 150 Mexico 1.6 1.4 1.9 0.13 0.020 385 300 480 88.50 
Maiz Chapalote Mexico 1.5 1.1 1.8 0.18 0.030 520 460 660 92.21 
Chapalote Mexico 1.5 1.1 1.9 0.22 0.059 285 240 340 44.34 
Maiz Mexico 1.4 1.1 1.7 0.18 0.037 495 480 520 19.14 
Reventador 
Chihuahua 129 Mexico 1.8 1.4 2.1 0.16 0.020 200 200 200 0.00 
Pichinga Paraguay 1.7 1.2 2.0 0.20 0.028 420 360 460 43.20 
Redondo 
Cuzco 31 Peru 1.2 1.1 1.5 0.12 0.018 475 380 600 103.76 
Uruguay 633 Uruguay 1.2 1.7 2.8 0.31 0.084 230 160 300 62.18 
White Rice Pop USA 1.6 1.3 1.8 0.14 0.020 785 700 880 75.49 
Acoma Pueblo USA 1.6 1.3 2.0 0.19 0.036 320 280 380 43.20 
Chapalote USA 1.8 1.5 2.3 0.16 0.032 275 200 400 95.74 
Unselected USA 1.9 1.5 2.2 0.19 0.041 340 300 380 56.56 
Little Red Flint 
Little Red Flint USA 1.8 1.4 2.3 0.18 0.031 680 460 840 159.16 
Nebr. USA 1.6 1.2 1.9 0.18 0.040 1100 960 1300 160.83 
Supergold X 
Tom Thumb 
Nebraska USA 1.5 1.2 1.8 0.20 0.038 990 920 1040 52.91 
Yellow Pearl 
Iopopl2 USA 1.6 1.4 1.9 0.13 0.019 1425 1260 1580 150.00 
Yellow Pearl USA 1.5 1.2 1.9 0.16 0.030 1105 980 1180 86.98 
Pop 
IDS91 USA 1.4 1.1 1.7 0.15 0.018 1335 1080 1480 179.90 
Ohio Yellow USA 1.4 1.0 1.7 0.19 0.024 1055 920 1180 117.04 
' There is no within-plot variance because only one record was taken from each plot 
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Table Al. (Continued). 
Kernel width/ Kernel thickness Popping expansion (cm/g) 
Accession Cowry Mean Ranee SD WPV Mean Ranee SD 
South American USA 1.6 1.4 2.0 0.17 0.031 1030 840 1200 150.99 
Pop 
Red Pop USA 1.3 1.0 1.6 0.15 0.024 1000 860 1080 99.33 
IDS69 USA 1.4 0.7 1.7 0.20 0.034 1300 1080 1600 219.69 
IDS28 USA 1.4 1.1 1.8 0.22 0.024 1010 900 1180 123.82 
Supergold USA 1.2 1.1 1.4 0.08 0.007 1310 1160 1420 122.74 
Supergold USA 1.2 1.1 1.3 0.06 0.004 1375 1220 1500 115.90 
Popcorn 
Sg 1533 USA 1.3 1.0 1.7 0.17 0.018 1280 1000 1460 216.02 
HP301 USA 1.2 1.1 1.4 0.09 0.006 1135 1060 1200 66.08 
Amber Pearl USA 1.1 1.0 1.3 0.08 0.006 1046 920 1300 219.39 
Fairfax Brown USA 1.8 1.6 2.2 0.16 0.029 145 60 240 88.50 
Tama Flint USA 2.4 2.0 2.7 0.19 0.027 110 80 140 25.81 
B73 X Mol7 USA 2.1 1.9 2.5 0.16 0.020 55 40 80 19.14 
White Rice USA 1.3 1.1 1.5 0.11 0.011 945 780 1180 168.42 
Japanese Hulless USA 1.3 0.9 1.8 0.19 0.032 1145 980 1280 123.69 
Illinois Hulless USA 1.2 1.0 1.5 0.10 0.010 1170 1100 1200 47.61 
Golden Australian USA 1.3 1.0 1.7 0.22 0.011 735 600 900 148.21 
Hulless 
Pinky Popcorn USA 1.7 1.4 1.9 0.14 0.020 920 840 1000 73.02 
Black Beauty (46) USA 1.1 1.0 1.3 0.10 0.006 980 880 1060 78.31 
Bearclaw USA 1.2 1.0 1.5 0.12 0.014 1025 720 1140 203.55 
R-Strawberry USA 1.0 0.9 1.1 0.07 0.005 710 620 800 93.09 
Open Pollinated 
North Dakota USA 1.7 1.4 1.8 0.12 0.012 600 580 620 16.32 
Tom Thumb 
Black Beauty (50) USA 1.7 1.4 2.0 0.14 0.019 660 540 720 81.64 
Carnival USA 1.6 1.3 2.1 0.21 0.045 780 700 860 65.31 
Black Beauty (52) USA 1.7 1.4 2.0 0.15 0.019 890 800 940 62.18 
Spanish Pop USA 2.0 1.6 2.5 0.24 0.051 955 840 1040 83.86 
Tom Thumb Pop USA 1.6 1.3 2.0 0.19 0.042 550 500 600 47.60 
Argentine Pop USA 1.6 1.3 1.8 0.13 0.016 875 820 980 71.87 
Ladyfinger USA 1.6 1.4 1.9 0.13 0.020 885 740 1040 138.92 
1 There is no within-plot variance because only one record was taken from each plot 
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Table Al. (Continued). 
Type of flake (numerical rating 1-10) 
Accession Country Mean Range SD 
ARZM 06 073 Argentina 4.5 4.0 5.0 0.57 
ARZM 13 073 Argentina 3.5 3.5 3.5 0.00 
ARZM 04 014 Argentina 3.8 3.5 4.0 0.25 
No. 1 Bolivia 3.7 3.0 4.0 0.50 
Brazil 2785 Brazil 3.8 3.5 4.0 0.25 
Brazil 2823 Brazil 3.7 3.0 4.0 0.50 
PG No. 10 Chile 2.6 2.5 3.0 0.25 
CHZM 07 097 Chile 3.9 3.5 4.0 0.25 
W-C 990 Ecuador 3.7 3.0 4.0 0.50 
Chihuahua 150 Mexico 4.0 3.0 5.0 0.81 
Maiz Chapalote Mexico 3.7 3.0 4.0 0.50 
Chapalote Mexico 3.0 3.0 3.0 0.00 
Maiz Reventador Mexico 3.6 3.0 4.0 0.47 
Chihuahua 129 Mexico 2.7 2.7 3.0 0.28 
Pichinga Redondo Paraguay 3.3 3.0 4.0 0.47 
Cuzco 31 Peru 3.2 3.0 4.0 0.50 
Uruguay 633 Uruguay 3.2 2.5 5.0 1.19 
White Rice Pop USA 4.2 4.0 4.0 0.50 
Acoma Pueblo USA 3.2 3.0 3.5 0.28 
Chapalote USA 3.6 3.0 5.0 0.94 
Unselected Little Red USA 3.2 3.0 3.5 0.35 
Flint 
Little Red Flint USA 3.7 3.0 4.0 0.50 
Nebr. Supergold x Tom USA 4.2 4.0 5.0 0.50 
Thumb 
Nebraska Yellow Pearl USA 4.0 4.0 4.0 0.00 
Iopopl2 USA 4.5 4.0 5.0 0.57 
Yellow Pearl Pop USA 4.5 4.0 5.0 0.40 
IDS91 USA 2.7 1.5 4.0 1.04 
Ohio Yellow USA 4.1 4.0 4.5 0.25 
1 There is no within-plot variance because only one record was taken from each plot 
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Table Al. (Continued). 
~ Type of flake (numerical rating 1-10) 
Accession Country Mean Range SD XVPV1 
South American Pop USA 3.7 3.0 4.0 0.50 
Red Pop USA 3.7 3.0 4.0 0.50 
IDS69 USA 3.5 2.5 4.0 0.70 
IDS28 USA 4.1 4.0 4.5 0.25 
Supergold USA 4.7 4.5 5.0 0.28 
Supergold Popcorn USA 4.5 4.0 5.0 0.40 
Sg 1533 USA 4.6 4.0 5.0 0.47 
HP301 USA 2.2 2.0 2.5 0.28 
Amber Pearl USA 4.3 4.0 5.0 0.57 
Fairfax Brown USA 2.6 2.0 3.0 0.47 
Tama Flint USA 2.5 2.0 3.0 0.57 
B73 X Mol7 USA 2.8 2.5 3.0 0.25 
White Rice USA 4.7 4.5 5.0 0.28 
Japanese Hulless USA 4.3 4.0 5.0 0.47 
Illinois Hulless USA 4.1 4.0 4.5 0.25 
Golden Australian Hulless USA 4.3 4.0 5.0 0.47 
Pinky Popcorn USA 4.1 3.5 5.0 0.62 
Black Beauty (46) USA 4.5 4.0 5.0 0.57 
Bearclaw USA 4.2 4.0 4.5 0.28 
R-Strawberry Open USA 4.5 4.0 5.0 0.40 
Pollinated 
North Dakota Tom Thumb USA 3.8 3.5 4.0 0.25 
Black Beauty (50) USA 3.6 3.0 4.0 0.47 
Carnival USA 4.0 3.5 4.5 0.40 
Black Beauty (52) USA 4.1 4.0 4.5 0.25 
Spanish Pop USA 4.1 3.5 5.0 0.62 
Tom Thumb Pop USA 3.7 3.5 4.0 0.28 
Argentine Pop USA 4.5 4.0 5.0 0.40 
Ladyfinger USA 4.5 3.5 5.0 0.70 
1 There is no within-plot variance because only one record was taken from each plot 
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Table A2. Analysis of variance for 30 morphological traits measured over 55 popcorn populations1. 
Mean squares 
Sources of variation DF Plant height Ear height Number of Tillers per Leaf length 
leaves plant 
Years 1 239 62ns 418.96NS 5.98" 0.49 NS 229.70" 
Reps/Years 2 1590.87" 927.34" 2.92" 0.36 NS I8.61ns 
Accessions 54 16967.31" 9818.68" 79.65" 7.49" 860.78" 
Accessions'Years 54 340.11NS 179.37NS 0.78" 0.47 NS 23.62* 
Error 108 26860.26 138.75 0.30 0.37 14.77 
CV (%) 7.10 11.37 2.82 31.32 4.89 
Mean squares 









Years 1 0.01NS 5460.07" 4963.75" 11.82" 10.78 NS 
Reps/Years 2 0.25NS 50.00" 61.87" 0.93 NS 9.91 NS 
Accessions 54 9.83" 564.38" 737.34" 46.86" 385.74" 
Accessions*Years 54 0.26ns 12.81" 12.57" 3.20" 15.84" 
Error 108 0.21 4.73 687.74 1.21 9.03 
CV (%) 5.40 3.02 3.30 24.50 5.32 
1 Accession "Unselected Little Red Flint was evaluated only in the second year, so it was not included in the 
combined analysis of variance. 
NS Non significant 
Significant at a = 0.05 
Significant at a = 0.01 
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Table A2. (Continued). 
Mean squares 












Years 1 85.56" 0.90NS 25.70" 0.01NS 0.027" 
Reps/Years 2 12.98NS 2.13ns 1.50NS 12.51NS 0.001 NS 
Accessions 54 100.39" 75.36" 106.92" 263.75" 0.025" 
Accessions'Years 54 8.71" 1.43ss 5.74" 6.85NS 0.001" 
Error 108 5.10 1.81 3.10 5.87 0.0007 
CV (%) 11.61 10.70 7.21 12.84 8.13 
Mean squares 










Years 1 0.016" 0.09 NS 10.73" 0.15" 0.36 NS 
Reps/Y ears 2 0.001 N's 1.14NS 0.22 NS 0.06' 1.59 NS 
Accessions 54 0.007" 7.65" 61.66" 1.14" 63.17" 
Accessions'Years 54 0.001" 0.66' 1.84" 0.03" 1.48' 
Error 108 0.0007 0.45 0.81 0.017 0.89 
CV (%) 6.49 25.30 6.20 4.25 6.10 
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Table A2. (Continued). 
Mean squares 












Years 1 2.45" 0.08 NS 0.12 NS 3.56" 303.03" 
Reps/Y ears 2 0.10NS 0.24" 0.13 NS 0.06 NS 205.36 NS 
Accessions 54 5.49" 6.94" 6.21" 0.80" 7358.59" 
Accessions*Years 54 0.19" 0.15" 0.09' 0.09" 669.23" 
Error 108 0.099 0.077 0.056 0.036 68.00 
CV (%) 6.72 3.48 4.00 4.97 8.85 
Mean squares 




Type of flake 
Years 1 0.0006 Ns 0.372" 99556.36" 0.77" 
Reps/Y ears 2 0.0033 NS 0.001 NS 20196.36 NS 0.27 NS 
Accessions 54 0.3091" 0.299" 518210.97" 1.54" 
Accessions'Years 54 0.0079" 0.011" 33915.62" 0.35" 
Error 108 0.0036 0.0066 9003.77 0.189 
CV (%) 4.30 5.31 12.22 11.35 
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Table A3. Eigenvalues of the correlation matrix derived from 29 morphological traits measured for 56 
popcorn populations. 
Principal Eigenvalue Difference Proportion Cumulative 
Component of Variance Variance 
PCI 9.80398 3.32996 0.338068 0.33807 
PC2 6.47402 2.45596 0.223242 0.56131 
PC3 4.01806 2.00537 0.138554 0.69986 
PC4 2.01269 0.39165 0.069403 0.76927 
PC5 1.62104 0.02447 0.055898 0.82517 
PC6 1.59657 0.62884 0.055054 0.88022 
PC7 0.96772 0.40895 0.033370 0.91359 
PCS 0.55877 0.12095 0.019268 0.93286 
PC9 0.43782 0.05357 0.015097 0.94795 
PC10 0.38425 0.10092 0.013250 0.96120 
PC11 0.28333 0.09099 0.009770 0.97097 
PC12 0.19234 0.05238 0.006632 0.97761 
PC13 0.13995 0.00468 0.004826 0.98243 
PC 14 0.13527 0.03026 0.004665 0.98710 
PC15 0.10501 0.03172 0.003621 0.99072 
PC16 ' 0.07329 0.01018 0.002527 0.99325 
PC17 0.06311 0.02043 0.002176 0.99542 
PC18 0.04268 0.01364 0.001472 0.99689 
PC19 0.02904 0.00920 0.001001 0.99789 
PC20 0.01984 0.00641 0.000684 0.99858 
PC21 0.01344 0.00337 0.000463 0.99904 
PC22 0.01007 0.00250 0.000347 0.99939 
PC23 0.00757 0.00272 0.000261 0.99965 
PC24 0.00485 0.00190 0.000167 0.99982 
PC25 0.00296 0.00108 0.000102 0.99992 
PC26 0.00188 0.00141 0.000065 0.99998 
PC27 0.00047 0.00047 0.000016 1.00000 
PC28 0.00000 0.00000 0.000000 1.00000 
PC29 0.00000 0.000000 1.00000 
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Table A4. Eigenvectors for the first four principal components (PC) derived from 29 morphological 
traits measured for 56 popcorn populations. 
Trait PCI PC2 PC3 PC4 
Plant height 0.288489 0.065920 0.075609 0.176906 
Ear height 0.250797 0.183492 0.044151 0.185584 
Number of leaves 0.202476 0.283695 -0.034766 0.073656 
Tillers per plant -0.169287 -0.072400 0.095684 0.453437 
Leaf length 0.300107 -0.008183 0.089427 0.057020 
Leaf width 0.287220 0.045420 0.021111 -0.092820 
Days to pollen shed 0.164870 0.308997 -0.012037 0.085507 
Days to silk 0.188211 0.276673 0.022385 0.112097 
Anthesis-silking interval 0.174736 0.025278 0.130763 0.148169 
Tassel length 0.235817 -0.192796 0.134963 0.092830 
Tassel peduncle length 0.012752 -0.294397 0.184190 0.193441 
Branched part length 0.262951 0.128589 -0.095127 -0.083587 
Central spike length 0.217092 -0.188849 0.157681 0.058915 
Number of primary branches 0.191124 0.235706 -0.106658 0.016367 
Peduncle length/tassel length -0.198969 -0.212341 0.095734 0.152863 
Central spike length/tassel length 0.065258 -0.019156 0.110770 -0.042148 
Ears per plant -0.177936 0.156004 -0.074564 0.331694 
Ear length 0.248627 -0.150330 -0.121832 -0.049849 
Ear diameter 0.133455 -0.189670 0.324121 -0.051550 
Number of kernel rows -0.019843 0.089163 0.456158 -0.030277 
Ear length/ear diameter 0.178543 -0.016254 -0.314405 -0.022808 
Kernel length 0.181065 -0.198457 0.223261 -0.020671 
Kernel width 0.121597 -0.287204 -0.230926 0.048441 
Kernel thickness 0.098995 -0.144421 -0.051903 -0.361103 
Number of kernels per 10 g -0.164559 0.275372 0.001216 0.233160 
Kernel length/width 0.011101 0.111184 0.451166 -0.022770 
Kernel width/thickness 0.076354 -0.224100 -0.239840 0.258920 
Popping expansion -0.113059 0.143280 0.078956 -0.459213 
Flake type -0.139135 0.177812 0.177070 -0.071137 
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Table A5. Gene frequencies of 58 alleles scored for 18 isozyme loci over 56 popcorn populations. 
ACCESSIONS 
ARZM 06 ARZM 13 ARZM 04 Brazil Brazil CHZM 07 
Locus- 073 073 014 No. 1 2785 2823 PG No. 10 097 
Allele (Argentina) (Argentina) (Argentina) (Bolivia) (Brazil) (Brazil) (Chile) (Chile) 
Acpl-2 0.05 0.45 0.40 0.00 0.90 0.40 0.35 0.50 
Acpl-3 0.00 0.40 0.00 0.00 0.00 0.00 0.00 0.00 
Acpl-4 0.95 0.15 0.60 1.00 0.10 0.60 0.20 0.50 
Acpl-6 0.00 0.00 0.00 0.00 0.00 0.00 0.45 0.00 
Acp4-1 0.00 0.25 0.00 0.10 0.10 0.00 0.00 0.00 
Acp4-2 0.00 0.25 0.05 0.75 0.00 0.10 0.00 0.80 
Acp4-3 0.30 0.25 0.90 0.15 0.90 0.45 0.65 0.00 
Acp4-4 0.50 0.00 0.00 0.00 0.00 0.00 0.05 0.05 
Acp4-5 0.00 0.25 0.05 0.00 0.00 0.00 0.30 0.00 
Acp4-6 0.20 0.00 0.00 0.00 0.00 0.45 0.00 0.15 
Adhl-4 0.95 0.85 1.00 0.20 1.00 1.00 1.00 1.00 
Adhl-6 0.05 0.15 0.00 0.80 0.00 0.00 0.00 0.00 
Cat3-Null 0.65 0.00 0.00 0.30 0.00 0.00 0.00 0.00 
Cat3-7 0.00 0.00 0.05 0.45 0.05 0.00 0.00 0.22 
Cat3-9 0.35 0.55 0.65 0.25 0.95 1.00 1.00 0.61 
Cat3-12 0.00 0.45 0.30 0.00 0.00 0.00 0.00 0.17 
Glul-Null 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Glul-r 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Glul-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Glul-2 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 
Glu 1-2.5 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 
Glul-6 0.70 0.00 0.00 0.00 0.22 0.00 0.00 1.00 
Glul-7 0.10 0.95 1.00 0.95 0.11 0.95 1.00 0.00 
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Table A5. (Continued). 
ACCESSIONS 
ARZM 06 ARZM 13 ARZM 04 Brazil Brazil CHZM07 
Locus- 073 073 014 No. 1 2785 2823 PC No. 10 097 
Allele (Argentina) (Argentina) (Argentina) (Bolivia) (Brazil) (Brazil) (Chile) (Chile) 
Glu 1-9 0.00 0.05 0.00 0.05 0.61 0.00 0.00 0.00 
Glul-10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Got 1-4 0.50 1.00 0.95 0.35 1.00 0.95 1.00 0.80 
Got 1-6 0.50 0.00 0.05 0.65 0.00 0.05 0.00 0.20 
Got2-2 0.00 0.00 0.00 0.00 0.40 0.50 0.00 0.00 
Got2-4 1.00 1.00 1.00 1.00 0.60 0.50 1.00 1.00 
Got3-4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Idhl-4 1.00 1.00 0.80 1.00 1.00 0.95 0.44 1.00 
Idhl-6 0.00 0.00 0.20 0.00 0.00 0.05 0.56 0.00 
Idh2-4 0.60 0.40 0.95 0.40 0.90 0.55 0.40 1.00 
Idh2-4.2 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 
Idh2-6 0.40 0.60 0.05 0.60 0.10 0.45 0.50 0.00 
Mdhl-Null 0.00 0.00 0.10 0.00 0.20 0.15 0.00 0.00 
Mdhl-1 0.00 0.00 0.00 0.00 0.00 0.70 0.45 0.20 
Mdhl-6 0.85 1.00 0.90 1.00 0.80 0.15 0.55 0.80 
Mdhl-10.5 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mdh2-3 0.60 0.55 1.00 0.10 1.00 0.30 0.00 0.20 
\ldh2-3.5 0.00 0.00 0.00 0.30 0.00 0.10 0.00 0.20 
Mdh2-6 0.40 0.45 0.00 0.60 0.00 0.60 1.00 0.60 
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Table A5. (Continued). 
ACCESSIONS 
ARZM 06 ARZM 13 ARZM 04 Brazil Brazil CHZM07 
Locus- 073 073 014 No. 1 2785 2823 PC No. 10 097 
Allele (Argentina) (Argentina) (Argentina) (Bolivia) (Brazil) (Brazil) (Chile) (Chile) 
Mdh3-16 1.00 1.00 0.90 1.00 1.00 1.00 1.00 1.00 
Mdh3-18 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 
Mdh4-12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Mdh4-14.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mdh5-12 1.00 1.00 0.90 1.00 1.00 1.00 1.00 1.00 
Mdh5-15 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 
Phi 1-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Phil-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Phil-4 1.00 0.95 0.70 0.80 1.00 1.00 1.00 1.00 
Phil-5 0.00 0.05 0.30 0.20 0.00 0.00 0.00 0.00 
Pgdl-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pgdl-2 0.00 0.00 0.40 0.95 0.00 0.05 0.00 0.65 
Pgdl-2.8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pgdl-3.8 1.00 1.00 0.60 0.05 1.00 0.95 1.00 0.35 
Pgdl-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pgd2-5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
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Table A5. (Continued). 
ACCESSIONS 
Chihuahua Maiz Maiz Chihuahua Pichinga 
Locus- W-C 90 ISO Chapalote Chapalote Reventador 129 Redondo Cuzco 31 
Allele (Ecuador) (Mexico) (Mexico) (Mexico) (Mexico) (Mexico) (Paraguay) (Peru) 
Acpl-2 0.05 0.75 1.00 0.40 0.60 0.80 0.80 0.35 
Acpl-3 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 
Acpl-4 0.95 0.25 0.00 0.50 0.40 0.20 0.20 0.65 
Acpl-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Acp4-1 0.00 0.05 0.00 0.00 0.00 0.05 0.10 0.00 
Acp4-2 0.00 0.50 0.00 0.05 0.11 0.35 0.00 0.75 
Acp4-3 0.44 0.40 0.30 0.40 0.00 0.20 0.55 0.00 
Acp4-4 0.22 0.05 0.00 0.05 0.00 0.00 0.00 0.00 
Acp4-5 0.28 0.00 0.70 0.50 0.33 0.20 0.35 0.10 
Acp4-6 0.06 0.00 0.00 0.00 0.56 0.20 0.00 0.15 
Adhl-4 0.55 0.95 1.00 1.00 1.00 1.00 1.00 1.00 
Adhl-6 0.45 0.05 0.00 0.00 0.00 0.00 0.00 0.00 
Cat3-Null 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cat3-7 0.25 0.22 0.00 0.25 0.05 0.10 0.05 0.50 
Cat3-9 0.65 0.56 1.00 0.75 0.95 0.90 0.90 0.50 
Cat3-12 0.00 0.22 0.00 0.00 0.00 0.00 0.05 0.00 
Glul-Null 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Glul-r 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Glul-1 0.00 0.00 0.00 0.05 0.00 0.19 0.05 0.00 
Glul-2 0.25 0.10 0.60 0.35 0.35 0.25 0.20 0.00 
Glul-2.5 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 
Glu 1-6 0.60 0.45 0.00 0.35 0.65 0.19 0.20 0.00 
Glul-7 0.00 0.45 0.40 0.15 0.00 0.31 0.40 1.00 
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Glul-9 0.00 0.00 0.00 0.10 0.00 0.06 0.05 0.00 
Glul-10 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Got 1-4 0.80 0.60 1.00 0.95 0.90 1.00 0.85 0.45 
Gotl-6 0.20 0.40 0.00 0.05 0.10 0.00 0.15 0.55 
Got2-2 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.30 
Got2-4 0.90 1.00 1.00 1.00 1.00 1.00 1.00 0.70 
Got3-4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Idhl-4 1.00 0.85 0.60 0.85 1.00 0.95 1.00 0.95 
Idhl-6 0.00 0.15 0.40 0.15 0.00 0.05 0.00 0.05 
Idh2-4 0.20 0.30 0.65 0.85 0.65 0.65 0.95 0.85 
Idh2-4.2 0.00 0.00 0.35 0.00 0.00 0.00 0.00 0.00 
Idh2-6 0.80 0.70 0.00 0.15 0.35 0.35 0.05 0.15 
Mdhl-Null 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 
Mdhl-1 0.10 0.00 0.00 0.00 0.00 0.00 0.20 0.00 
Mdhl-6 0.85 0.80 1.00 1.00 0.50 1.00 0.50 0.75 
Mdhl-10.5 0.05 0.20 0.00 0.00 0.50 0.00 0.10 0.25 
Mdh2-3 0.05 0.00 0.00 0.45 0.20 0.30 0.60 0.90 
Mdh2-3.5 0.65 0.20 0.40 0.25 0.30 0.00 0.10 0.00 
Mdh2-6 0.30 0.80 0.60 0.30 0.50 0.70 0.30 0.10 
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Table A5. (Continued). 
ACCESSIONS 
Chihuahua Maiz Maiz Chihuahua Pichinga r 
Locus- W-C 90 150 Chapalote Chapalote Reventador 129 Redondo ™co 
Allele (Ecuador) (Mexico) (Mexico) (Mexico) (Mexico) (Mexico) (Paraguay) c 
Mdh3-16 1.00 1.00 1.00 1.00 0.75 0.90 0.90 1.00 
Mdh3-18 0.00 0.00 0.00 0.00 0.25 0.10 0.10 0.00 
Mdh4-12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Mdh4-14.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
MdhS-12 1.00 1.00 1.00 1.00 1.00 0.80 0.90 1.00 
Mdh5-15 0.00 0.00 0.00 0.00 0.00 0.20 0.10 0.00 
Phil-2 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Phi 1-3 0.00 0.00 0.00 0.00 0.00 0.30 0.00 0.00 
Phil-4 0.85 1.00 1.00 1.00 1.00 0.70 0.75 1.00 
Phil-5 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00 
Pgdl-1 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00 
Pgdl-2 0.30 0.55 0.00 0.40 0.20 0.30 0.25 1.00 
Pgdl-2.8 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pgdl-3.8 0.40 0.45 1.00 0.60 0.80 0.50 0.75 0.00 
Pgdl-7 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pgd2-5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
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Table A5. (Continued). 
ACCESSIONS 
Unsel. Nebraska 
Uruguay White Acoma Little Red Little Red Supergold x Nebraska 
Locus- 633 Rice Pop Pueblo Chapalote Flint Flint Tom Thumb Yellow Pearl 
Allele (Uruguay) (USA) (USA) (USA) (USA) (USA) (USA) (USA) 
Acpl-2 0.60 0.00 0.30 0.45 0.40 0.40 1.00 0.85 
Acpl-3 0.00 0.30 0.00 0.00 0.00 0.00 0.00 0.00 
Acpl-4 0.40 0.70 0.70 0.55 0.50 0.60 0.00 0.15 
Acpl-6 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 
Acp4-1 0.00 0.00 0.00 0.00 0.00 0.15 0.00 0.00 
Acp4-2 0.00 0.55 0.10 0.10 0.00 0.55 0.15 1.00 
Acp4-3 0.50 0.40 0.20 0.20 0.90 0.10 0.80 0.00 
Acp4-4 0.00 0.00 0.10 0.00 0.00 0.10 0.00 0.00 
Acp4-5 0.40 0.00 0.35 0.00 0.10 0.10 0.05 0.00 
Acp4-6 0.10 0.05 0.25 0.70 0.00 0.00 0.00 0.00 
Adhl-4 0.85 0.44 1.00 1.00 0.80 1.00 1.00 1.00 
Adhl-6 0.15 0.56 0.00 0.00 0.20 0.00 0.00 0.00 
Cat3-Null 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cat3-7 0.05 0.20 0.25 0.00 0.10 0.00 0.25 0.15 
Cat3-9 0.95 0.80 0.75 1.00 0.75 0.55 0.70 0.70 
Cat3-12 0.00 0.00 0.00 0.00 0.15 0.45 0.05 0.15 
Glul-Null 0.00 0.00 0.45 0.00 0.00 0.00 0.00 0.00 
Glul-r 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Glul-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Glul-2 0.15 0.17 0.00 0.57 0.15 0.05 0.00 0.05 
Glul-2.5 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 
GluI-6 0.10 0.83 0.40 0.36 0.00 0.00 0.00 0.00 
Glul-7 0.75 0.00 0.15 0.07 0.85 0.90 1.00 0.95 
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Table A5. (Continued). 
ACCESSIONS 
Unsel. Nebraska 
Uruguay White Acoma Little Red Little Red Supergold x Nebraska 
Locus- 633 Rice Pop Pueblo Chapalote Flint Flint Tom Thumb Yellow Pear 
Allele (Uruguay) (USA) (USA) (USA) (USA) (USA) (USA) (USA) 
Glul-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Glul-10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gotl-4 0.80 0.20 0.70 0.95 0.85 0.90 1.00 1.00 
Gotl-6 0.20 0.80 0.30 0.05 0.15 0.10 0.00 0.00 
Got2-2 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 
Got2-4 1.00 1.00 1.00 1.00 0.90 1.00 1.00 1.00 
Got3-4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Idhl-4 0.75 1.00 1.00 0.35 0.65 0.70 1.00 1.00 
Idhl-6 0.25 0.00 0.00 0.65 0.35 0.30 0.00 0.00 
Idh2-4 0.75 0.00 0.05 0.45 0.60 0.70 0.90 0.95 
Idh2-4.2 0.00 0.00 0.00 0.55 0.00 0.00 0.00 0.00 
Idh2-6 0.25 1.00 0.95 0.00 0.40 0.30 0.10 0.05 
Mdhl-Null 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 
Mdhl-1 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.10 
Mdhl-6 0.55 1.00 0.95 1.00 1.00 1.00 1.00 0.85 
Mdhl-10.5 0.40 0.00 0.05 0.00 0.00 0.00 0.00 0.00 
Mdh2-3 0.35 0.00 0.00 0.00 0.90 0.55 0.30 0.00 
Mdh2-3.5 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.20 
Mdh2-6 0.65 1.00 1.00 1.00 0.10 0.35 0.70 0.80 
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Table A5. (Continued). 
ACCESSIONS 
Unsel. Nebraska 
Uruguay White Acoma Little Red Little Red Supergold x Nebraska 
Locus- 633 Rice Pop Pueblo Chapalote Flint Flint Tom Thumb Yellow Pear 
Allele (Uruguay) (USA) (USA) (USA) (USA) (USA) (USA) (USA) 
Mdh3-16 0.75 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Mdh3-18 0.25 0.00 o.oo 0.00 0.00 0.00 0.00 0.00 
Mdh4-12 1.00 1.00 1.00 1.00 0.90 1.00 1.00 1.00 
Mdh4-14.5 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 
Mdh5-12 0.85 1.00 0.95 1.00 0.90 1.00 1.00 1.00 
Mdh5-lS 0.15 0.00 0.05 0.00 0.10 0.00 0.00 0.00 
Phil-2 0.00 0.00 0.15 0.00 0.15 0.10 0.00 0.00 
Phil-3 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Phil-4 0.10 1.00 0.85 1.00 0.85 0.85 1.00 0.95 
Phil-5 0.60 0.00 0.00 0.00 0.00 0.05 0.00 0.05 
Pgdl-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pgdl-2 0.25 0.55 0.80 0.40 0.40 0.35 0.00 0.35 
Pgdl-2.8 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.10 
Pgd 1-3.8 0.55 0.45 0.20 0.60 0.60 0.65 1.00 0.55 
Pgdl-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pgd2-5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
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Acpl-2 1.00 0.95 1.00 0.70 0.00 0.00 1.00 1.00 
Acpl-3 0.00 0.00 0.00 0.00 1.00 1.00 0.00 0.00 
Acpl-4 0.00 0.05 0.00 0.30 0.00 0.00 0.00 0.00 
Acpl-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Acp4-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Acp4-2 0.90 1.00 1.00 0.00 0.55 1.00 0.00 0.60 
Acp4-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Acp4-4 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 
Acp4-5 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 
Acp4-6 0.10 0.00 0.00 0.00 0.45 0.00 0.00 0.40 
Adhl-4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Adhl-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cal3-Null 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
Cat3-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cat3-9 1.00 1.00 1.00 1.00 0.90 1.00 1.00 0.00 
Cat3-12 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 
Glul-Null 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Glul-r 0.50 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
Glul-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Glul-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Glul-2.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Glu 1-6 0.00 0.10 0.00 0.90 0.20 0.00 0.00 0.00 
Glul-7 0.50 0.90 1.00 0.10 0.80 1.00 1.00 0.00 























GluI-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Glul-10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Got 1-4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Gotl-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Got2-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Got2-4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Got3-4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Idhl-4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Idhl-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Idh2-4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Idh2-4.2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Idh2-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mdhl-Null 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 
Mdhl-1 0.00 0.55 0.00 0.00 0.00 0.00 0.00 0.00 
Mdhl-6 1.00 0.30 1.00 1.00 1.00 1.00 1.00 1.00 
Mdh 1-10.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mdh2-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mdh2-3.5 0.65 0.00 1.00 0.50 0.00 1.00 0.95 0.25 
Mdh2-6 0.35 1.00 0.00 0.50 1.00 0.00 0.05 0.75 
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Mdh3-16 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Mdh3-18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mdh4-12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Mdh4-14.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mdh5-12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Mdh5-15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Phil-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Phil-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Phi 1-4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Phil-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pgdl-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pgdl-2 0.00 0.05 0.00 0.40 0.10 0.00 0.00 0.00 
Pgdl-2.8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pgdl-3.8 1.00 0.95 1.00 0.60 0.90 1.00 1.00 1.00 
Pgdl-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pgd2-5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
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B73 X Mo 
(USA) 
Acpl-2 1.00 1.00 1.00 1.00 0.00 0.00 0.35 1.00 
Acpl-3 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 
Acpl-4 0.00 0.00 0.00 0.00 0.00 1.00 0.65 0.00 
Acpl-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Acp4-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Acp4-2 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00 
Acp4-3 0.00 0.00 0.00 0.00 0.00 0.00 0.95 0.00 
Acp4-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Acp4-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
Acp4-6 0.00 0.00 0.00 0.00 1.00 1.00 0.05 0.00 
Adhl-4 1.00 1.00 1.00 1.00 1.00 1.00 0.75 1.00 
Adhl-6 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00 
Cat3-Null 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cat3-7 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 
Cat3-9 1.00 1.00 1.00 1.00 0.70 1.00 0.85 1.00 
Cat3-I2 0.00 0.00 0.00 0.00 0.30 0.00 0.10 0.00 
Glul-Null 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Glul-r 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Glul-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Glul-2 0.00 0.00 0.00 0.00 0.00 0.00 0.38 0.00 
Glul-2.5 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.00 
Glu 1-6 0.00 0.00 0.00 0.00 0.00 0.00 0.31 0.50 
Glul-7 1.00 1.00 1.00 1.00 1.00 0.00 0.19 0.50 
Table A5. (Continued). 
ACCESSIONS 
Supergold Amber Fairfax 
Locus-Allele Supergold Popcorn Sg 1533 HP301 Pearl Brown Tama Flint B73 x Mol7 
(USA) (USA) (USA) (USA) (USA) (USA) (USA) (USA) 
Glul-9 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 
Glul-10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Got 1-4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Gotl-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Got2-2 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 
Got2-4 1.00 1.00 1.00 1.00 1.00 1.00 0.80 1.00 
Got3-4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Idhl-4 1.00 1.00 0.90 1.00 1.00 1.00 1.00 1.00 
Idhl-6 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 
Idh2-4 1.00 1.00 0.90 1.00 1.00 1.00 0.05 1.00 
Idh2-4.2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Idh2-6 0.00 0.00 0.10 0.00 0.00 0.00 0.95 0.00 
Mdhl-Null 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mdhl-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mdhl-6 1.00 1.00 1.00 1.00 1.00 1.00 0.55 1.00 
Mdhl-10.5 0.00 0.00 0.00 0.00 0.00 0.00 0.45 0.00 
Mdh2-3 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 
Mdh2-3.5 0.10 0.00 0.00 1.00 0.00 0.00 0.00 0.50 
Mdh2-6 0.90 1.00 1.00 0.00 1.00 1.00 0.95 0.50 
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Table A5. (Continued). 
ACCESSIONS 
Supergold Amber Fairfax 
Locus- Supergold Popcorn Sg 1533 HP301 Pearl Brown Tama Flint B73 x Mol7 
Allele (USA) (USA) (USA) (USA) (USA) (USA) (USA) (USA) 
Mdh3-16 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Mdh3-18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mdh4-12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Mdh4-14.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mdh5-12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Mdh5-15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Phil-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Phil-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Phil-4 1.00 1.00 1.00 1.00 1.00 1.00 0.75 1.00 
Phil-5 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00 
Pgdl-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pgdl-2 0.30 0.00 0.00 0.00 1.00 1.00 0.00 0.00 
Pgdl-2.8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pgdl-3.8 0.70 0.80 0.80 0.85 0.00 0.00 1.00 1.00 
Pgdl-7 0.00 0.20 0.20 0.15 0.00 0.00 0.00 0.00 
Pgd2-5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
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Acpl-2 0.00 0.85 0.00 0.00 0.05 0.00 0.55 1.00 
Acpl-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Acpl-4 1.00 0.15 1.00 1.00 0.95 1.00 0.45 0.00 
Acpl-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Acp4-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Acp4-2 0.67 1.00 1.00 1.00 0.90 1.00 0.00 1.00 
Acp4-3 0.33 0.00 0.00 0.00 0.00 0.00 1.00 0.00 
Acp4-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Acp4-5 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 
Acp4-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Adhl-4 0.60 0.30 0.55 1.00 1.00 1.00 0.00 0.00 
Adhl-6 0.40 0.70 0.45 0.00 0.00 0.00 1.00 1.00 
Cat3-Null 0.60 0.50 1.00 1.00 0.00 1.00 0.00 0.00 
Cat3-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Cat3-9 0.40 0.50 0.00 0.00 0.95 0.00 1.00 1.00 
Cat3-12 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 
Glul-Null 0.00 0.20 0.30 0.00 0.30 0.00 0.90 0.00 
Glul-r 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Glul-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Glul-2 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 
Glul-2.5 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 
Glul-6 o.oo 0.00 0.05 1.00 0.00 0.00 0.10 1.00 
Glul-7 1.00 0.80 0.65 0.00 0.65 0.00 0.00 0.00 
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Table A5. (Continued). 
ACCESSIONS 
Golden Black 
White Japanese Illinois Australian Pinky Beauty R-Strawberry 
Locus- Rice Hulless Hulless Hulless Popcorn Acc. 46 Bearclaw OP 
Allele (USA) (USA) (USA) (USA) (USA) (USA) (USA) (USA) 
Glu 1-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Glul-10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Gotl-4 0.45 0.10 0.00 0.30 0.05 1.00 0.00 0.00 
Gotl-6 0.55 0.90 1.00 0.70 0.95 0.00 1.00 1.00 
Got2-2 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 
Got2-4 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 
Got3-4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Idhl-4 0.95 1.00 1.00 1.00 0.85 1.00 0.95 1.00 
Idhl-6 0.05 0.00 0.00 0.00 0.15 0.00 0.05 0.00 
Idh2-4 0.90 0.40 1.00 0.90 0.85 0.00 0.15 0.00 
Idh2-4.2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Idh2-6 0.10 0.60 0.00 0.10 0.15 1.00 0.85 1.00 
Mdhl-Null 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 
Mdhl-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mdhl-6 1.00 1.00 0.85 1.00 1.00 1.00 1.00 1.00 
Mdhl-10.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mdh2-3 0.70 0.10 0.60 0.75 0.20 0.00 0.25 0.00 
Mdh2-3.5 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 
Mdh2-6 0.30 0.90 0.40 0.15 0.80 1.00 0.75 1.00 
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Mdh3-16 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Mdh3-18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mdh4-12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
\ldh4-14.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
MdhS-12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
MdhS-15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Phil-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Phil-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Phil-4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Phil-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pgdl-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pgdl-2 0.00 0.00 0.00 0.00 0.65 0.00 0.00 0.00 
Pgdl-2.8 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 
Pgdl-3.8 0.90 0.95 1.00 1.00 0.35 1.00 1.00 1.00 
Pgdl-7 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pgd2-5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
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Table AS. (Continued). 
ACCESSIONS 
North Black Black Tom 



















Acpl-2 1.00 0.00 0.45 0.00 0.35 0.95 0.00 1.00 
Acpl-3 0.00 0.00 0.25 0.20 0.00 0.00 0.00 0.00 
Acpl-4 0.00 1.00 0.30 0.80 0.65 0.05 1.00 0.00 
Acpl-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Acp4-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Acp4-2 0.00 0.15 0.00 0.00 0.20 0.00 0.00 0.00 
Acp4-3 1.00 0.05 0.40 0.20 0.80 0.70 1.00 1.00 
Acp4-4 0.00 0.00 0.00 0.50 0.00 0.00 0.00 0.00 
Acp4-5 0.00 0.80 0.35 0.25 0.00 0.25 0.00 0.00 
Acp4-6 0.00 0.00 0.25 0.05 0.00 0.05 0.00 0.00 
Adhl-4 0.30 1.00 0.90 1.00 0.80 0.90 1.00 L00 
Adhl-6 0.70 0.00 0.10 0.00 0.20 0.10 0.00 0.00 
Cat3-Null 0.00 0.55 0.00 0.00 0.00 0.00 0.00 0.00 
Cat3-7 0.70 0.00 0.45 0.20 0.00 0.40 0.00 0.00 
Cat3-9 0.30 0.45 0.55 0.75 0.05 0.50 1.00 1.00 
Cat3-12 0.00 0.00 0.00 0.05 0.95 0.10 0.00 0.00 
Glul-Null 0.00 0.35 0.00 0.10 0.50 0.00 0.00 0.00 
Glul-r 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Glul-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Glul-2 0.00 0.30 0.15 0.75 0.05 0.00 0.00 0.00 
Glu 1-2.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Glul-6 0.20 0.15 0.00 0.05 0.25 0.00 0.00 0.10 
Glul-7 0.80 0.20 0.85 0.10 0.20 1.00 1.00 0.90 
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Table A3. (Continued). 
ACCESSIONS 
North Black Black 
Dakota Tom Beauty Beauty 
Locus- Thumb Acc. 50 Carnival Acc. 52 
Allele (USA) (USA) (USA) (USA) 
Tom 
Spanish Thumb Argentine 
Pop Pop Pop Ladyfinger 



















Gotl-4 0.95 0.00 1.00 0.30 0.80 0.95 1.00 1.00 
Got 1-6 0.05 1.00 0.00 0.70 0.20 0.05 0.00 0.00 
Got2-2 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Got2-4 0.90 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Got3-4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Idhl-4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Idhl-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Idh2-4 0.00 0.00 0.00 0.00 0.00 0.05 1.00 1.00 
Idh2-4.2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Idh2-6 1.00 1.00 1.00 1.00 1.00 0.95 0.00 0.00 
Mdhl-Null 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mdhl-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mdhl-6 1.00 1.00 0.90 1.00 0.50 1.00 1.00 1.00 
Mdhl-10.5 0.00 0.00 0.10 0.00 0.50 0.00 0.00 0.00 
Mdh2-3 0.00 0.00 o.oo 0.00 0.00 0.00 1.00 0.00 
Mdh2-3.5 0.00 0.00 0.00 0.00 0.15 0.00 0.00 0.00 
Mdh2-6 1.00 1.00 1.00 1.00 0.85 1.00 0.00 1.00 
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Table A5. (Continued). 
ACCESSIONS 
North Black Black Tom 
Dakota Tom Beauty Beauty Spanish Thumb Argentine 
Locus- Thumb Acc. 50 Carnival Acc. 52 Pop Pop Pop Ladvfinger 
Allele (USA) (USA) (USA) (USA) (USA) (USA) (USA) (USA) 
Mdh3-16 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Mdh3-!8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mdh4-12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Mdh4-14.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mdh5-12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Mdh5-15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Phi 1-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Phil-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Phi 1-4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Phil-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pgdl-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pgdl-2 0.00 0.00 0.90 0.25 0.50 0.00 0.00 0.00 
Pgdl-2.8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pgdl-3.8 1.00 1.00 0.10 0.75 0.50 1.00 1.00 1.00 
Pgdl-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Pgd2-5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
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Table A6. Eigenvalues of the correlation matrix derived from 58 isozyme alleles evaluated for 56 
popcorn populations. 
Principal Proportion Cumulative 
Component Eigenvalue Difference of Variance Variance 
PCI 6.98885 1.05935 0.124801 0.12480 
PC2 5.92950 2.07318 0.105884 0.23068 
PC3 3.85632 0.34478 0.068863 0.29955 
PC4 3.51154 0.18553 0.062706 0.36225 
PC5 3.32601 0.20088 0.059393 0.42165 
PC6 3.12513 0.26258 0.055806 0.47745 
PC7 2.86255 0.25957 0.051117 0.52857 
PCS 2.60298 0.07475 0.046482 0.57505 
PC9 2.52824 0.44697 0.045147 0.62020 
PC10 2.08126 0.12172 0.037165 0.65736 
PC11 1.95954 0.30738 0.034992 0.69236 
PC12 1.65217 0.07824 0.029503 0.72186 
PC13 1.57393 0.14708 0.028106 0.74997 
PC14 1.42684 0.06135 0.025479 0.77544 
PC15 1.36550 0.02744 0.024384 0.79983 
PC16 1.33805 0.13944 0.023894 0.82372 
PCI 7 1.19861 0.12601 0.021404 0.84513 
PCI 8 1.07260 0.04885 0.019154 0.86428 
PC19 1.02375 0.12707 0.018281 0.88256 
PC20 0.89668 0.05399 0.016012 0.89857 
PC21 0.84268 0.05732 0.015048 0.91362 
PC22 0.78536 0.12429 0.014024 0.92765 
PC23 0.66108 0.15414 0.011805 0.93945 
PC24 0.50693 0.03396 0.009052 0.94850 
PC25 0.47297 0.05695 0.008446 0.95695 
PC26 0.41602 0.02469 0.007429 0.96438 
PC27 0.39133 0.02957 0.006988 0.97137 
PC28 0.36177 0.05281 0.006460 0.97783 
PC29 0.30896 0.09142 0.005517 0.98334 
PC30 0.21754 0.06424 0.003885 0.98723 
PC31 0.15329 0.01311 0.002737 0.98996 
PC32 0.14018 0.03814 0.002503 0.99247 
PC33 0.10204 0.01896 0.001822 0.99429 
PC34 0.08308 0.01318 0.001484 0.99577 
PC35 0.06991 0.00989 0.001248 0.99702 
PC36 0.06002 0.01934 0.001072 0.99809 
PC37 0.04069 0.00596 0.000727 0.99882 
PC38 0.03472 0.01581 0.000620 0.99944 
PC39 0.01891 0.00648 0.000338 0.99978 
PC40 0.01244 0.01244 0.000222 1.00000 
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Table A7. Eigenvectors for the first six principal components derived from 58 isozyme alleles 
evaluated for 56 popcorn populations. 
Locus PCI PC2 PC3 PC4 PCS PC6 
Acpl-2 0.047691 -0.205775 -0.096327 0.020084 -0.091122 -0.293820 
Acpl-3 -0.041606 -0.075460 -0.011338 0.132165 0.089289 0.151993 
Acpl-4 -0.030419 0.267311 0.066027 -0.101911 0.056216 0.234792 
Acpl-6 0.039139 -0.031998 0.258050 -0.006904 -0.100534 -0.133906 
Acp4-1 0.059472 0.005731 -0.016698 -0.096158 -0.062340 0.102971 
Acp4-2 -0.141030 -0.077036 -0.218966 -0.045988 -0.073848 0.050465 
Acp4-3 0.098879 0.109007 0.169762 -0.136901 -0.151270 -0.121107 
Acp4-4 -0.034747 -0.002530 -0.002667 0.034589 -0.006023 -0.011068 
Acp4-5 0.082833 0.011034 0.051448 0.123073 0.069303 -0.115348 
Acp4-6 0.032431 -0.035864 0.092893 0.155319 0.307606 0.202976 
Adhl-4 0.099403 -0.253079 0.098953 -0.047983 0.189032 0.158666 
Adhl-6 -0.099403 0.253079 -0.098953 0.047983 -0.189032 -0.158666 
Cat3-Null -0.124813 0.111475 -0.117675 -0.192163 -0.006481 0.096992 
Cat3-7 -0.011906 0.136849 0.027888 0.108308 0.011930 0.035144 
Cat3-9 0.109808 -0.197367 0.056280 0.126302 -0.000187 -0.159584 
CaG-12 0.022662 0.050961 0.075689 -0.004986 0.000458 0.102472 
Glul-Null -0.085896 0.211281 -0.032672 0.034474 -0.070273 -0.067289 
Glul-r -0.041162 -0.079131 -0.082718 -0.014256 0.015921 0.003387 
Glul-1 0.197314 0.008618 -0.141258 0.082811 0.010282 0.045638 
Glul-2 0.046375 0.110735 0.175721 -0.040604 0.223030 -0.087733 
Glu 1-2.5 0.082459 0.033545 0.021361 -0.216012 0.049815 -0.015906 
Glul-6 -0.034305 0.128352 -0.067625 0.079901 0.096945 -0.049401 
Glul-7 0.026195 -0.198122 -0.001909 -0.027535 -0.217671 0.022517 
Glu 1-9 0.017591 -0.026967 0.032926 -0.032457 0.140786 0.215125 
Glul-10 -0.000918 0.095783 0.026040 0.054603 -0.003799 -0.007636 
Got 1-4 0.131108 -0.278949 0.125575 -0.020075 0.127130 0.006275 
Gotl-6 -0.131108 0.278949 -0.125575 0.020075 -0.127130 -0.006275 
Got2-2 -0.022090 0.060118 0.116729 -0.338465 0.171716 0.047878 
Got2-4 0.022090 -0.060118 -0.116729 0.338465 -0.171716 -0.047878 
Got3-4 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
Idhl-4 -0.128389 0.025308 -0.357078 -0.087177 0.094803 0.099489 
Idhl-6 0.128389 -0.025308 0.357078 0.087177 -0.094803 -0.099489 
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Table A7. (Continued). 
Locus PCI PC2 PC3 PC4 PCS PC6 
Idh2-4 0.055444 -0.305885 -0.136563 -0.047469 -0.072019 0.199463 
Idh2-4.2 0.023773 -0.053520 0.273394 0.127791 0.073773 -0.140107 
Idh2-6 -0.060189 0.314786 0.074368 0.018559 0.054890 -0.166315 
Mdhl-Null 0.072068 -0.042561 -0.025753 -0.353083 0.010438 0.031945 
Mdhl-1 0.045161 -0.066499 0.124346 -0.209249 0.082563 -0.129055 
Mdhl-6 -0.136355 -0.028887 -0.060113 0.266307 -0.175198 0.129423 
Mdhl-10.5 0.138743 0.133827 -0.027110 -0.056360 0.185157 -0.080119 
Mdh2-3 0.109410 0.051023 0.009958 -0.259336 -0.224112 0.263483 
Mdh2-3.5 -0.039387 -0.180018 -0.102711 0.077080 -0.037600 -0.042087 
Mdh2-6 -0.065489 0.096842 0.072153 0.168057 0.227351 -0.199291 
Mdh3-16 -0.289745 -0.052368 0.140096 0.013114 -0.095945 0.074442 
Mdh3-18 0.289745 0.052368 -0.140096 -0.013114 0.095945 -0.074442 
Mdh4-12 -0.072824 -0.033875 -0.226330 0.000313 0.317476 -0.152196 
Mdh4-14.5 0.072824 0.033875 0.226330 -0.000313 -0.317476 0.152196 
Mdh5-12 -0.330174 -0.064389 0.079599 -0.032739 0.112242 -0.057695 
MdhS-15 0.330174 0.064389 -0.079599 0.032739 -0.112242 0.057695 
Phil-2 0.048233 0.108585 0.182734 0.078669 -0.186276 0.137854 
Phil-3 0.290974 0.058097 -0.170880 0.090838 0.016104 -0.042950 
Phil-4 -0.313143 -0.114718 0.085756 0.007408 0.040519 0.024459 
Phil-5 0.257751 0.088843 -0.089987 -0.088566 0.001081 -0.059416 
Pgdl-1 0.178141 0.013825 -0.144882 0.114921 0.003552 0.039982 
Pgdl-2 0.045655 0.108089 0.086701 0.228264 0.155433 0.332884 
Pgdl-2.8 0.128746 0.107503 -0.057217 0.051785 -0.000928 -0.075736 
Pgdl-3.8 -0.072898 -0.108441 -0.055110 -0.249523 -0.142520 -0.318529 
Pgdl-7 -0.042736 -0.113677 -0.079896 0.032063 -0.092559 -0.048000 
Pgd2-5 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
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Table A8. Modified Rogers's distance derived from 18 isozyme loci (below the diagonal) and from 
31 SSR loci (in italic above the diagonal) in 56 popcorn populations. 
White Rice Chihuahua ARZM Acoma ARZM 
Accession Pop No. 1 150 06 073 Pueblo 13 073 W-C 90 Cuzco 31 
White Rice Pop 0 0.371 0.475 0.340 0.404 0.508 0.391 0.458 
No. 1 0.313 0 0.471 0.415 0.346 0.527 0.450 0.422 
Chihuahua 150 0.267 0.327 0 0.431 0.395 0.520 0.361 0.471 
ARZM 06 073 0.345 0.410 0.320 0 0.385 0.457 0.368 0.445 
Acoma Pueblo 0.256 0.347 0.216 0.333 0 0.428 0.375 0.398 
ARZM 13 073 0.403 0.404 0.268 0.334 0.348 0 0.491 0.442 
W-C 990 0.272 0.335 0.280 0.284 0.253 0.351 0 0.426 
Cuzco 31 0.437 0.314 0.326 0.396 0.379 0.370 0.413 0 
Chapalote Acc. 9 0.395 0.468 0.304 0.373 0.323 0.376 0.363 0.440 
Unsel. Little Red Flint 0.414 0.385 0.295 0.330 0.357 0.240 0.328 0.309 
Little Red Flint 0.403 0.345 0.243 0.313 0.328 0.186 0.337 0.265 
PG No. 10 0.437 0.473 0.302 0.398 0.364 0.278 0.391 0.457 
Uruguay 633 0.441 0.424 0.320 0.389 0.364 0.322 0.374 0.390 
ARZM 04 014 0.487 0.426 0.348 0.353 0.416 0.270 0.392 0.309 
Nebraska Supergold 
x Tom Thumb 0.470 0.465 0.284 0.381 0.399 0.225 0.416 0.395 
Brazil 2785 0.506 0.546 0.377 0.370 0.455 0.322 0.416 0.422 
Pichinga Redondo 0.437 0.451 0.281 0.324 0.360 0.262 0.347 0.346 
Brazil 2823 0.447 0.456 0.328 0.364 0.377 0.294 0.368 0.386 
Maiz Chapalote 0.478 0.514 0.315 0.413 0.396 0.302 0.389 0.461 
CHZM 07 097 0.351 0.392 0.248 0.321 0.316 0.365 0.329 0.324 
Nebraska Yellow Pearl 0.442 0.389 0.250 0.415 0.372 0.274 0.413 0.323 
Iopop 12 0.487 0.480 0.319 0.422 0.436 0.311 0.424 0.413 
Yellow Pearl Pop 0.485 0.483 0.319 0.444 0.434 0.324 0.471 0.415 
ÏDS91 0.534 0.487 0.360 0.464 0.488 0.330 0.452 0.416 
Ohio Yellow 0.397 0.443 0.274 0.371 0.365 0.357 0.357 0.386 
South American Pop 0.433 0.462 0.345 0.399 0.401 0.277 0.436 0.421 
Red Pop 0.518 0.487 0.414 0.467 0.504 0.334 0.455 0.438 
IDS69 0.529 0.484 0.354 0.460 0.482 0.324 0.450 0.412 
IDS28 0.525 0.518 0.385 0.400 0.468 0.394 0.474 0.492 
Supergold 0.466 0.437 0.285 0.442 0.401 0.294 0.455 0.367 
Supergold Popcorn 0.475 0.461 0.304 0.442 0.419 0.293 0.468 0.398 
Sg 1533 0.464 0.455 0.290 0.438 0.407 0.284 0.459 0.397 
HP301 0.531 0.480 0.355 0.466 0.482 0.332 0.447 0.407 
Amber Pearl 0.487 0.453 0.393 0.485 0.397 0.382 0.478 0.401 
Chapalote Acc. 35 0.379 0.400 0.255 0.282 0.294 0.259 0.263 0.321 
Maiz Reventador 0.376 0.460 0.263 0.298 0.303 0.318 0.291 0.396 
Chihuahua 129 0.370 0.395 0.209 0.344 0.263 0.252 0.323 0.335 
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Table A8. (Continued). 
Accession 
White Rice 








13 073 W-C 90 Cuzco 31 
Fairfax Brown 0.461 0.455 0.414 0.440 0.356 0.469 0.420 0.429 
Tama Flint 0.330 0.445 0.277 0.337 0.301 0.311 0.277 0.484 
B73 x Mol 7 0.487 0.519 0.336 0.400 0.402 0.308 0.393 0.454 
White Rice 0.401 0.311 0.356 0.269 0.422 0.302 0.372 0.314 
Japanese Hulless 0.342 0.335 0.301 0.390 0.405 0.343 0.423 0.418 
Illinois Hulless 0.436 0.356 0.426 0.314 0.487 0.424 0.452 0.386 
Golden Australian 
Hulless 0.423 0.444 0.411 0.246 0.466 0.438 0.414 0.416 
Pinky Popcorn 0.334 0.305 0.302 0.357 0.326 0.388 0.393 0.277 
Black Beauty 0.475 0.510 0.456 0.446 0.464 0.478 0.449 0.543 
Bearclaw 0.326 0.440 0.391 0.408 0.404 0.438 0.382 0.541 
R-Strawberry Open 
Pollinated 0.296 0.461 0.368 0.470 0.443 0.469 0.443 0.558 
North Dakota Tom 
Thumb 0.395 0.433 0.306 0.442 0.386 0.317 0.381 0.510 
Black Beauty Acc. 50 0.313 0.412 0.352 0.310 0.308 0.401 0.350 0.481 
Carnival 0.347 0.346 0.233 0.421 0.207 0.302 0.326 0.372 
Black Beauty Acc. 52 0.263 0.394 0.289 0.311 0.245 0.360 0.288 0.446 
Spanish Pop 0.341 0.395 0.253 0.363 0.281 0.339 0.310 0.449 
Tom Thumb Pop 0.405 0.441 0.249 0.403 0.326 0.230 0.376 0.458 
Argentine Pop 0.505 0.476 0.417 0.340 0.458 0.308 0.404 0.384 
Ladvfinger 0.478 0.504 0.311 0.410 0.413 0.290 0.437 0.458 
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White Rice Pop 0.602 0.459 0.436 0.570 0.487 0.426 0.50S 0.485 
No. 1 0.601 0.485 0.447 0.606 0.547 0.444 0.526 0.435 
Chihuahua 150 0.571 0.404 0.395 0.462 0.425 0.466 0.527 0.474 
ARZM 06 073 0.600 0.420 0.414 0.571 0.476 0.434 0.474 0.495 
Acoma Pueblo 0.577 0.402 0.368 0.548 0.466 0.422 0.440 0.415 
ARZM 13 073 0.592 0.410 0.417 0.555 0.517 0.456 0.485 0.487 
W-C 990 0.575 0.375 0.378 0.464 0.391 0.453 0.493 0.462 
Cuzco 31 0.604 0.401 0.397 0.549 0.504 0.474 0.508 0.425 
Chapalote Acc. 9 0 0.545 0.506 0.598 0.584 0.608 0.608 0.558 
Unsel. Little Red Flint 0.354 0 0.215 0.369 0.335 0.390 0.408 0.3S8 
Little Red Flint 0.322 0.206 0 0.396 0.355 0.350 0.411 0.376 
PG No. 10 0.318 0.297 0.297 0 0.439 0.509 0.536 0.529 
Uruguay 633 0.362 0.293 0.298 0.317 0 0.459 0.485 0.464 
ARZM 04 014 0.399 0.142 0.212 0.348 0.279 0 0.478 0 427 
Nebraska Supergold 
x Tom Thumb 0.365 0.260 0.259 0.266 0.313 0.262 0 0.461 
Brazil 2785 0.416 0.276 0.341 0.393 0.379 0.283 0.277 0 
Pichinga Redondo 0.339 0.236 0.252 0.305 0.226 0.221 0.220 0.222 
Brazil 2823 0.364 0.305 0.300 0.251 0.333 0.328 0.299 0.338 
Maiz Chapalote 0.273 0.329 0.308 0.280 0.330 0.366 0.255 0.341 
CHZM 07 097 0.323 0.374 0.287 0.417 0.383 0.374 0.361 0.386 
Nebraska Yellow Pearl 0.354 0.345 0.218 0.328 0.338 0.338 0.233 0.388 
Iopop 12 0.378 0.379 0.288 0.372 0.386 0.379 0.265 0.352 
Yellow Pearl Pop 0.389 0.406 0.308 0.310 0.367 0.401 0.267 0.399 
IDS91 0.442 0.391 0.302 0.402 0.416 0.384 0.294 0.390 
Ohio Yellow 0.335 0.390 0.298 0.406 0.392 0.393 0.335 0.372 
South American Pop 0.348 0.389 0.305 0.339 0.386 0.390 0.308 0.423 
Red Pop 0.470 0.419 0.337 0.426 0.454 0.412 0.377 0.450 
IDS69 0.436 0.388 0.297 0.395 0.410 0.380 0.287 0.387 
IDS28 0.420 0.463 0.387 0.455 0.463 0.465 0.363 0.433 
Supergold 0.364 0.367 0.259 0.334 0.359 0.366 0.227 0.390 
Supergold Popcorn 0.371 0.381 0.275 0.329 0.366 0.381 0.224 0.393 
Sg 1533 0.359 0.372 0.265 0.312 0.360 0.379 0.224 0.393 
HP301 0.440 0.389 0.300 0.404 0.413 0.381 0.297 0.392 
Amber Pearl 0.384 0.423 0.370 0.432 0.430 0.421 0.408 0.512 
Chapalote Acc. 35 0.276 0.221 0.218 0.314 0.294 0.247 0.263 0.271 
Maiz Reventador 0.277 0.349 0.309 0.349 0.312 0.373 0.333 0.340 
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Chihuahua 129 0.265 0.269 0.225 0.307 0.240 0.289 0.243 0.310 
Fairfax Brown 0.341 0.448 0.405 0.475 0.448 0.453 0.472 0.474 
Tama Flint 0.349 0.329 0.357 0.300 0.322 0.388 0.341 0.375 
B73 X Mol 7 0.371 0.375 0.327 0.343 0.350 0.384 0.270 0.348 
White Rice 0.427 0.287 0.249 0.394 0.382 0.293 0.345 0.402 
Japanese Hulless 0.454 0.415 0.356 0.416 0.427 0.466 0.374 0.482 
Illinois Hulless 0.509 0.434 0.371 0.510 0.482 0.439 0.465 0.506 
Golden Australian 
Hulless 0.480 0.446 0.381 0.532 0.501 0.445 0.484 0.466 
Pinky Popcorn 0.380 0.371 0.287 0.413 0.393 0.389 0.411 0.479 
Black Beauty 0.493 0.527 0.471 0.525 0.563 0.577 0.546 0.558 
Bearclaw 0.485 0.418 0.475 0.459 0.466 0.498 0.459 0.476 
R-Strawberry Open 
Pollinated 0.505 0.527 0.500 0.517 0.522 0.599 0.509 0.549 
North Dakota Tom 
Thumb 0.450 0.365 0.404 0.349 0.417 0.438 0.304 0.428 
Black Beauty Acc. 50 0.438 0.447 0.409 0.426 0.453 0.505 0.478 0.532 
Carnival 0.362 0.331 0.322 0.328 0.362 0.391 0.348 0.463 
Black Beauty Acc. 52 0.355 0.389 0.366 0.379 0.410 0.457 0.430 0.481 
Spanish Pop 0.418 0.372 0.348 0.392 0.411 0.415 0.409 0.464 
Tom Thumb Pop 0.392 0.321 0.320 0.258 0.358 0.378 0.223 0.392 
Argentine Pop 0.429 0.218 0.283 0.366 0.370 0.183 0.299 0.302 
Ladyfinger 0.357 0.312 0.320 0.266 0.328 0.317 0.111 0.311 
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Table A8. (Continued). 
Maiz Nebraska 
Pichinga Brazil Chapalote CHZM Yellow Yellow 
Accession Redondo 2823 Acc. 19 07 097 Pearl Iopop 12 Pearl Pop IDS91 
White Rice Pop 0.410 0.500 0.543 0.439 0.544 0.576 0.566 0.669 
No. 1 0.431 0.513 0.565 0.462 0.581 0.546 0.625 0.66 
Chihuahua 150 0.425 0.528 0.445 0.473 0.545 0.536 0.561 0.632 
ARZM 06 073 0.405 0.503 0.512 0.444 0.525 0.544 0.525 0.619 
Acoma Pueblo 0.383 0.482 0.474 0.41 0.478 0.510 0.502 0.627 
ARZM 13 073 0.405 0.51 0.488 0.436 0.483 0.529 0.497 0.621 
W-C 990 0.379 0.502 0.492 0.411 0.494 0.540 0.507 0.615 
Cuzco 31 0.429 0.494 0.531 0.467 0.559 0.557 0.589 0.642 
Chapalote Acc. 9 0.550 0.605 0.508 0.562 0.581 0.600 0.628 0.741 
Unsel. Little Red Flint 0.306 0.414 0.396 0.400 0.409 0.510 0.461 0.598 
Little Red Flint 0.307 0.379 0.368 0.411 0.426 0.500 0.481 0.587 
PG No. 10 0.458 0.534 0.512 0.533 0.550 0.572 0.597 0.680 
Uruguay 633 0.372 0.500 0.482 0.474 0.509 0.568 0.543 0.662 
ARZM 04 014 0.295 0.314 0.474 0.444 0.511 0.533 0.542 0.629 
Nebraska Supergold 
x Tom Thumb 0.425 0.525 0.464 0.334 0.381 0.426 0.429 0.526 
Brazil 2785 0.318 0.416 0.469 0.386 0.462 0.454 0.521 0.563 
Pichinga Redondo 0 0.334 0.414 0.372 0.415 0.462 0.469 0.563 
Brazil 2823 0.275 0 0.472 0.470 0.511 0.589 0.542 0.651 
Maiz Chapalote 0.250 0.356 0 0.466 0.449 0.569 0.510 0.656 
CHZM 07 097 0.296 0.385 0.378 0 0.315 0.353 0.330 0.473 
Nebraska Yellow Pearl 0.283 0.327 0.305 0.266 0 0.459 0.214 0.523 
Iopop 12 0.291 0.363 0.274 0.314 0.200 0 0.498 0.383 
Yellow Pearl Pop 0.295 0.291 0.330 0.323 0.170 0.242 0 0.527 
IDS91 0.330 0.386 0.316 0.367 0.226 0.146 0.281 0 
Ohio Yellow 0.301 0.394 0.330 0.151 0.233 0.223 0.287 0.270 
South American Pop 0.346 0.351 0.356 0.337 0.269 0.312 0.297 0.355 
Red Pop 0.392 0.414 0.394 0.403 0.314 0.277 0.363 0.236 
IDS69 0.325 0.380 0.311 0.362 0.217 0.139 0.271 0.012 
IDS28 0.386 0.453 0.381 0.377 0.341 0.289 0.376 0.389 
Supergold 0.301 0.349 0.299 0.305 0.089 0.190 0.165 0.224 
Supergold Popcorn 0.312 0.350 0.301 0.327 0.123 0.200 0.159 0.240 
Sg 1533 0.313 0.344 0.292 0.329 0.125 0.203 0.162 0.243 
HP301 0.329 0.387 0.318 0.361 0.221 0.150 0.283 0.035 
Amber Pearl 0.416 0.423 0.452 0.394 0.360 0.446 0.432 0.477 
Chapalote Acc. 35 0.179 0.320 0.233 0.249 0.290 0.300 0.355 0.341 
Maiz Reventador 0.234 0.311 0.282 0.257 0.325 0.310 0.339 0.366 
Chihuahua 129 0.193 0.314 0.251 0.250 0.221 0.268 0.288 0.328 
Fairfax Brown 0.423 0.440 0.471 0.363 0.420 0.470 0.479 0.527 
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Table A8. (Continued). 
Maiz Nebraska 
Pichinga Brazil Chapalote CHZM Yellow Yellow 
Accession Redondo 2823 Acc. 19 07 097 Pearl Iopop 12 Pearl Pop IDS91 
Tama Flint 0.324 0.302 0.362 0.405 0.403 0.426 0.412 0.476 
B73 x Mol 7 0.249 0.373 0.196 0.335 0.298 0.256 0.318 0.289 
White Rice 0.343 0.360 0.425 0.370 0.341 0.383 0.392 0.391 
Japanese Hulless 0.411 0.426 0.422 0.409 0.333 0.373 0.363 0.400 
Illinois Hulless 0.444 0.470 0.518 0.417 0.425 0.460 0.462 0.477 
Golden Australian 
Hulless 0.430 0.491 0.512 0.332 0.449 0.454 0.487 0.483 
Pinky Popcorn 0.378 0.402 0.434 0.313 0.321 0.394 0.384 0.424 
Black Beauty 0.546 0.470 0.529 0.507 0.501 0.537 0.539 0.577 
Bearclaw 0.447 0.477 0.481 0.507 0.522 0.518 0.536 0.560 
R-Strawberry 
Open Pollinated 0.504 0.534 0.508 0.448 0.482 0.482 0.484 0.527 
North Dakota 
Tom Thumb 0.399 0.398 0.398 0.472 0.404 0.442 0.436 0.473 
Black Beauty Acc. 50 0.447 0.445 0.446 0.454 0.479 0.507 0.508 0.549 
Carnival 0.366 0.361 0.384 0.387 0.341 0.437 0.419 0.469 
Black Beauty Acc. 52 0.398 0.396 0.397 0.408 0.433 0.468 0.473 0.517 
Spanish Pop 0.394 0.398 0.448 0.391 0.413 0.475 0.465 0.513 
Tom Thumb Pop 0.333 0.327 0.315 0.431 0.324 0.371 0.359 0.402 
Argentine Pop 0.290 0.327 0.401 0.423 0.396 0.404 0.430 0.408 
Ladyfinger 0.252 0.319 0.263 0.382 0.272 0.293 0.280 0.334 
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Table A8. (Continued). 
South 
Ohio American Supergold 
Accession Yellow Pop Red Pop IDS69 roS28 Supergold Popcorn Sg 1533 
White Rice Pop 0.575 0.566 0.694 0.670 0.636 0.620 0.656 0.662 
No. 1 0.592 0.595 0.683 0.665 0.608 0.680 0.715 0.709 
Chihuahua 150 0.629 0.62 0.679 0.633 0.59 0.613 0.640 0.647 
ARZM 06 073 0.571 0.506 0.642 0.639 0.623 0.568 0.605 0.634 
Acoma Pueblo 0.552 0.508 0.628 0.634 0.573 0.563 0.599 0.590 
ARZM 13 073 0.620 0.569 0.677 0.646 0.614 0.544 0.563 0.552 
W-C 990 0.568 0.552 0.653 0.607 0.621 0.533 0.553 0.578 
Cuzco 31 0.594 0.578 0.687 0.649 0.629 0.614 0.633 0.631 
Chapalote Acc. 9 0.692 0.690 0.716 0.749 0.634 0.687 0.712 0.697 
Unsel. Little Red Flint 0.522 0.491 0.640 0.619 0.589 0.511 0.539 0.550 
Little Red Flint 0.522 0.494 0.612 0.609 0.575 0.549 0.578 0.591 
PG No. 10 0.637 0.630 0.681 0.694 0.611 0.654 0.678 0.677 
Uruguay 633 0.592 0.574 0.638 0.676 0.615 0.578 0.602 0.644 
ARZM 04 014 0.581 0.537 0.683 0.625 0.579 0.603 0.634 0.646 
Nebraska Supergold 
x Tom Thumb 0.496 0.446 0.612 0.572 0.529 0.485 0.514 0.508 
Brazil 2785 0.485 0.515 0.652 0.579 0.554 0.577 0.611 0.598 
Pichinga Redondo 0.480 0.486 0.627 0.571 0.544 0.540 0.576 0.574 
Brazil 2823 0.555 0.572 0.718 0.670 0.653 0.622 0.649 0.667 
Maiz Chapalote 0.603 0.593 0.740 0.675 0.631 0.600 0.628 0.593 
CHZM 07 097 0.443 0.429 0.600 0.496 0.466 0.389 0.430 0.423 
Nebraska Yellow Pearl 0.513 0.462 0.672 0.565 0.585 0.364 0.393 0.350 
Iopop 12 0.548 0.541 0.536 0.393 0.288 0.523 0.550 0.550 
Yellow Pearl Pop 0.528 0.457 0.669 0.577 0.623 0.305 0.350 0.332 
IDS91 0.532 0.525 0.594 0.223 0.626 0.523 0.54S 0.518 
Ohio Yellow 0 0.394 0.616 0.566 0.677 0.551 0.596 0.596 
South American Pop 0.319 0 0.587 0.585 0.631 0.487 0.532 0.532 
Red Pop 0.334 0.265 0 0.596 0.608 0.706 0.746 0.746 
IDS69 0.265 0.347 0.236 0 0.614 0.543 0.567 0.538 
IDS28 0.364 0.396 0.455 0.384 0 0.668 0.690 0.713 
Supergold 0.244 0.269 0.325 0.213 0.355 0 0.093 0.290 
Supergold Popcorn 0.266 0.267 0.337 0.229 0.355 0.067 0 0.31 ! 
Sg 1533 0.268 0.269 0.338 0.231 0.356 0.075 0.033 0 
HP301 0.266 0.355 0.238 0.037 0.391 0.221 0.236 0.238 
Amber Pearl 0.428 0.257 0.414 0.471 0.484 0.379 0.404 0.405 
Chapalote Acc. 35 0.263 0.321 0.365 0.337 0.380 0.317 0.334 0.331 
Maiz Reventador 0.263 0.338 0.409 0.362 0.381 0.343 0.351 0.347 
Chihuahua 129 0.246 0.301 0.390 0.321 0.354 0.236 0.255 0.249 
Fairfax Brown 0.409 0.406 0.527 0.522 0.496 0.441 0.462 0.463 
230 
Table A8. (Continued). 
South 
Ohio American Supergold 
Accession Yellow Pop Red Pop IDS69 IDS28 Supergold Popcorn Sg 1533 
Tama Flint 0.409 0.409 0.496 0.470 0.468 0.423 0.419 0.408 
B73 x Moî7 0.280 0.343 0.373 0.284 0.378 0.289 0.293 0.294 
White Rice 0.392 0.372 0.391 0.386 0.419 0.369 0.369 0.368 
Japanese Hulless 0.405 0.408 0.456 0.394 0.407 0.338 0.335 0.326 
Dlinois Hulless 0.456 0.458 0.477 0.473 0.436 0.455 0.455 0.457 
Golden Australian 
Hulless 0.379 0.466 0.483 0.480 0.417 0.480 0.482 0.482 
Pinky Popcorn 0.353 0.372 0.427 0.418 0.481 0.343 0.361 0.358 
Black Beauty 0.517 0.525 0.577 0.573 0.484 0.532 0.529 0.520 
Bearclaw 0.518 0.529 0.587 0.556 0.561 0.526 0.524 0.515 
R-Strawberry 
Open Pollinated 0.442 0.520 0.577 0.522 0.539 0.477 0.474 0.463 
North Dakota 
Tom Thumb 0.470 0.453 0.529 0.468 0.469 0.417 0.413 0.401 
Black Beauty Acc. SO 0.488 0.475 0.549 0.544 0.495 0.501 0.498 0.488 
Carnival 0.419 0.380 0.481 0.463 0.476 0.374 0.396 0.383 
Black Beauty Acc. 52 0.443 0.417 0.506 0.512 0.498 0.457 0.460 0.449 
Spanish Pop 0.439 0.459 0.532 0.509 0.479 0.460 0.471 0.460 
Tom Thumb Pop 0.421 0.379 0.463 0.395 0.422 0.334 0.329 0.314 
Argentine Pop 0.422 0.395 0.408 0.405 0.504 0.408 0.411 0.412 
Ladyfinger 0.345 0.315 0.409 0.326 0.390 0.248 0.242 0.244 
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Table AS. (Continued). 
Amber Chapalote Maiz Chihuahua Fairfax Tama B73 X 
Accession HP301 Pearl Acc. 35 Reventador 129 Brown Flint Mol 7 
White Rice Pop 0.647 0.665 0.471 0.495 0.469 0.601 0.492 0.561 
No. 1 0.642 0.698 0.467 0.507 0.510 0.563 0.485 0.553 
Chihuahua ISO 0.620 0.660 0.395 0.439 0.360 0.648 0.467 0.544 
ARZM 06 073 0.615 0.620 0.426 0.454 0.451 0.617 0.463 0.503 
Acoma Pueblo 0.606 0.600 0.406 0.420 0.416 0.579 0.46 0.539 
ARZM 13 073 0.639 0.584 0.422 0.429 0.457 0.646 0.506 0.564 
W-C 990 0.586 0.578 0.395 0.399 0.350 0.625 0.459 0.538 
Cuzco 31 0.623 0.606 0.454 0.412 0.449 0.623 0.516 0.592 
Chapalote Acc. 9 0.758 0.765 0.501 0.553 0.510 0.716 0.602 0.673 
Unsel. Little Red Flint 0.599 0.568 0.338 0.323 0.311 0.574 0.482 0.487 
Little Red Flint 0.593 0.593 0.339 0.300 0.328 0.578 0.484 0.465 
PG No. 10 0.703 0.690 0.432 0.445 0.416 0.666 0.565 0.575 
Uruguay 633 0.681 0.630 0.403 0.433 0.349 0.635 0.548 0.522 
ARZM 04 014 0.607 0.633 0.429 0.427 0.441 0.584 0.554 0.524 
Nebraska Supergold 
x Tom Thumb 0.560 0.586 0.458 0.516 0.468 0.574 0.491 0.492 
Brazil 2785 0.563 0.639 0.433 0.450 0.389 0.604 0.541 0.545 
Pichinga Redondo 0.558 0.607 0.353 0.379 0.335 0.591 0.531 0.499 
Brazil 2823 0.644 0.701 0.455 0.416 0.454 0.620 0.625 0.586 
Maiz Chapalote 0.661 0.682 0.438 0.445 0.422 0.638 0.571 0.529 
CHZM 07 097 0.469 0.555 0.427 0.489 0.403 0.542 0.44 0.559 
Nebraska Yellow Pearl 0.539 0.517 0.468 0.521 0.440 0.623 0.527 0.554 
Iopop 12 0.434 0.632 0.489 0.579 0.503 0.643 0.492 0.636 
Yellow Pearl Pop 0.546 0.504 0.494 0.551 0.477 0.644 0.554 0.599 
IDS91 0.274 0.628 0.584 0.642 0.593 0.697 0.619 0.694 
Ohio Yellow 0.540 0.708 0.527 0.564 0.512 0.623 0.659 0.668 
South American Pop 0.555 0.603 0.534 0.547 0.534 0.626 0.635 0.621 
Red Pop 0.605 0.768 0.609 0.650 0.624 0.698 0.653 0.675 
IDS69 0.176 0.645 0.604 0.656 0.605 0.691 0.600 0.738 
IDS28 0.640 0.757 0.564 0.651 0.578 0.703 0.572 0.709 
Supergold 0.509 0.460 0.537 0.594 0.531 0.694 0.569 0.685 
Supergold Popcorn 0.533 0.475 0.563 0.618 0.562 0.734 0.596 0.718 
Sg 1533 0.502 0.440 0.599 0.631 0.559 0.724 0.597 0.696 
HP301 0 0.617 0.608 0.633 0.607 0.667 0.582 0.719 
Amber Pearl 0.469 0 0.625 0.625 0.595 0.781 0.640 0.741 
Chapalote Acc. 35 0.338 0.381 0 0.334 0.302 0.601 0.475 0.532 
Maiz Reventador 0.366 0.411 0.221 0 0.364 0.597 0.527 0.559 
Chihuahua 129 0.323 0.353 0.188 0.226 0 0.615 0.489 0.526 
Fairfax Brown 0.520 0.341 0.357 0.378 0.352 0 0.555 0.711 
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Table A8. (Continued). 
Amber Chapalote Maiz Chihuahua Fairfax Tama B73 X 
Accession HP301 Pearl Acc. 35 Reventador 129 Brown Flint Mol7 
Tama Flint 0.477 0.497 0.321 0.298 0.304 0.469 0 0.572 
B73 x Mol 7 0.291 0.447 0.244 0.265 0.268 0.471 0.411 0 
White Rice 0.390 0.467 0.321 0.398 0.364 0.472 0.413 0.426 
Japanese Hulless 0.401 0.512 0.420 0.420 0.370 0.550 0.420 0.430 
Illinois Hulless 0.478 0.552 0.429 0.470 0.460 0.545 0.512 0.511 
Golden Australian 
Hulless 0.484 0.574 0.386 0.412 0.438 0.535 0.496 0.482 
Pinky Popcorn 0.419 0.418 0.339 0.389 0.339 0.393 0.448 0.438 
Black Beauty 0.578 0.614 0.486 0.490 0.477 0.577 0.421 0.577 
Bearclaw 0.561 0.603 0.448 0.461 0.450 0.577 0.373 0.512 
R-Strawberry 
Open Pollinated 0.528 0.628 0.503 0.451 0.451 0.624 0.447 0.500 
North Dakota 
Tom Thumb 0.475 0.522 0.398 0.425 0.365 0.569 0.293 0.430 
Black Beauty Acc. 50 0.550 0.553 0.396 0.400 0.417 0.515 0.377 0.459 
Carnival 0.462 0.338 0.316 0.356 0.273 0.402 0.318 0.410 
Black Beauty Acc. 52 0.516 0.475 0.332 0.346 0.344 0.445 0.298 0.447 
Spanish Pop 0.511 0.478 0.370 0.368 0.364 0.480 0.271 0.476 
Tom Thumb Pop 0.403 0.454 0.336 0.362 0.290 0.514 0.272 0.346 
Argentine Pop 0.410 0.477 0.284 0.396 0.364 0.471 0.392 0.408 
Ladyfinger 0.336 0.415 0.298 0.347 0.269 0.466 0.339 0.280 
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White Rice Pop 0.482 0.516 0.566 0.544 0.501 0.603 0.565 0.611 
No. 1 0.494 0.452 0.501 0.504 0.427 0.641 0.534 0.614 
Chihuahua 150 0.545 0.49 0.472 0.519 0.513 0.568 0.533 0.542 
ARZM 06 073 0.453 0.517 0.545 0.553 0.474 0.598 0.549 0.643 
Acoma Pueblo 0.450 0.383 0.430 0.449 0.375 0.578 0.382 0.609 
ARZM 13 073 0.J0 J 0.564 0.600 0.633 0.557 0.610 0.536 0.687 
W-C 990 0.516 0.502 0.507 0.542 0.474 0.528 0.549 0.607 
Cuzco 31 0.554 0.511 0.558 0.581 0.476 0.538 0.536 0.639 
Chapalote Acc. 9 0.639 0.604 0.655 0.660 0.630 0.741 0.714 0.702 
Unsel. Little Red Flint 0.476 0.490 0.535 0.568 0.481 0.555 0.549 0.615 
Little Red Flint 0.471 0.481 0.550 0.558 0.464 0.571 0.499 0.615 
PG No. 10 0.625 0.595 0.614 0.644 0.599 0.634 0.641 0.663 
Uruguay 633 0.561 0.566 0.574 0.602 0.537 0.612 0.610 0.573 
ARZM 04 014 0.504 0.527 0.617 0.614 0.529 0.572 0.535 0.643 
Nebraska Supergold 
x Tom Thumb 0.438 0.495 0.551 0.567 0.482 0.627 0.606 0.685 
Brazil 2785 0.518 0.508 0.579 0.591 0.484 0.617 0.536 0.618 
Pichinga Redondo 0.461 0.513 0.586 0.596 0.502 0.563 0.531 0.591 
Brazil 2823 0.569 0.559 0.657 0.666 0.566 0.643 0.587 0.678 
Maiz Chapalote 0.541 0.528 0.590 0.629 0.581 0.633 0.633 0.657 
CHZM 07 097 0.425 0.411 0.489 0.517 0.426 0.586 0.571 0.633 
Nebraska Yellow Pearl 0.486 0.556 0.592 0.640 0.549 0.636 0.626 0.693 
Iopop 12 0.484 0.521 0.607 0.584 0.521 0.661 0.629 0.669 
Yellow Pearl Pop 0.544 0.579 0.604 0.662 0.594 0.665 0.652 0.721 
IDS91 0.562 0.640 0.733 0.739 0.598 0.721 0.737 0.760 
Ohio Yellow 0.570 0.599 0.700 0.712 0.569 0.757 0.699 0.739 
South American Pop 0.540 0.610 0.678 0.676 0.550 0.698 0.671 0.752 
Red Pop 0.646 0.643 0.729 0.688 0.646 0.763 0.655 0.764 
IDS69 0.592 0.636 0.730 0.735 0.613 0.716 0.710 0.781 
IDS28 0.587 0.583 0.644 0.587 0.596 0.726 0.671 0.705 
Supergold 0.590 0.627 0.652 0.712 0.625 0.678 0.690 0.781 
Supergold Popcorn 0.622 0.664 0.678 0.738 0.654 0.692 0.722 0.803 
Sg 1533 0.632 0.653 0.695 0.759 0.673 0.692 0.722 0.783 
HP301 0.568 0.612 0.712 0.714 0.590 0.694 0.687 0.801 
Amber Pearl 0.681 0.71 ! 0.735 0.768 0.661 0.694 0.695 0.803 
Chapalote Acc. 35 0.530 0.547 0.549 0.583 0.517 0.608 0.546 0.547 
Maiz Reventador 0.551 0.559 0.583 0.600 0.511 0.581 0.535 0.657 
Chihuahua 129 0.536 0.522 0.545 0.587 0.515 0.600 0.574 0.560 
Fairfax Brown 0.580 0.585 0.639 0.653 0.572 0.797 0.690 0.787 
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Tama Flint 0.555 0.504 0.492 0.548 0.473 0.630 0.579 0.628 
B73 X Mol 7 0.608 0.644 0.679 0.718 0.638 0.650 0.632 0.672 
White Rice 0 0.446 0.525 0.502 0.438 0.656 0.583 0.738 
Japanese Hulless 0.309 0 0.403 0.418 0.414 0.664 0.558 0.673 
Illinois Hulless 0.188 0.307 0 0.268 0.447 0.686 0.595 0.667 
Golden Australian 
Hulless 0.287 0.415 0.245 0 0.445 0.709 0.597 0.727 
Pinky Popcorn 0.287 0.335 0.318 0.380 0 0.644 0.536 0.688 
Black Beauty 0.474 0.488 0.491 0.468 0.518 0 0.616 0.638 
Bearclaw 0.432 0.342 0.464 0.531 0.440 0.592 0 0.664 
R-Strawberry 
Open Pollinated 0.491 0.277 0.494 0.503 0.464 0.577 0.342 0 
North Dakota 
Tom Thumb 0.446 0.362 0.538 0.568 0.520 0.524 0.374 0.417 
Black Beauty Acc. 50 0.381 0.360 0.382 0.403 0.348 0.423 0.387 0.439 
Carnival 0.437 0.420 0.537 0.550 0.401 0.492 0.473 0.506 
Black Beauty Acc. 52 0.403 0.390 0.454 0.458 0.341 0.416 0.381 0.439 
Spanish Pop 0.432 0.423 0.489 0.487 0.427 0.468 0.405 0.483 
Tom Thumb Pop 0.412 0.354 0.517 0.537 0.454 0.495 0.418 0.454 
Argentine Pop 0.277 0.499 0.441 0.444 0.411 0.577 0.500 0.624 
Ladyfinger 0.394 0.407 0.509 0.525 0.429 0.573 0.460 0.517 
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Table A8. (Continued). 
North 
Dakota Black Black Tom 
Tom Beauty Beauty Spanish Thumb Argentine 
Accession Thumb Acc. 50 Carnival Acc. 52 Pop Pop Pop Ladyfinger 
White Rice Pop 0.507 0.496 0.462 0.546 0.485 0.499 0.630 0.678 
No. 1 0.456 0.482 0.415 0.494 0.437 0.558 0.573 0.702 
Chihuahua 150 0.567 0.552 0.446 0.578 0.486 0.499 0.606 0.667 
ARZM 06 073 0.537 0.499 0.447 0.545 0.438 0.499 0.643 0.643 
Acoma Pueblo 0.539 0.482 0.386 0.491 0.420 0.493 0.618 0.635 
ARZM 13 073 0.556 0.607 0.513 0.601 0.519 0.496 0.661 0.646 
W-C 990 0.556 0.517 0.400 0.545 0.504 0.474 0.647 0.635 
Cuzco 31 0.544 0.600 0.454 0.581 0.555 0.556 0.677 0.624 
Chapalote Acc. 9 0.678 0.690 0.586 0.647 0.627 0.660 0.693 0.742 
Unsel. Little Red Flint 0.515 0.533 0.417 0.515 0.479 0.477 0.610 0.549 
Little Red Flint 0.514 0.564 0.407 0.507 0.483 0.514 0.611 0.568 
PG No. 10 0.624 0.650 0.544 0.623 0.608 0.575 0.711 0.630 
Uruguay 633 0.623 0.599 0.499 0.586 0.575 0.535 0.65 0.611 
ARZM 04 014 0.539 0.597 0.473 0.579 0.496 0.529 0.571 0.636 
Nebraska Supergold 
x Tom Thumb 0.612 0.553 0.488 0.53 0.424 0.525 0.625 0.3S3 
Brazil 2785 0.576 0.577 0.477 0.568 0.503 0.553 0.507 0.651 
Pichinga Redondo 0.518 0.527 0.444 0.541 0.483 0.462 0.500 0.609 
Brazil 2823 0.577 0.631 0.543 0.633 0.555 0.578 0.601 0.668 
Maiz Chapalote 0.650 0.634 0.546 0.658 0.526 0.549 0.649 0.619 
CHZM 07 097 0.544 0.511 0.459 0.510 0.411 0.448 0.540 0.592 
Nebraska Yellow Pearl 0.626 0.597 0.529 0.580 0.527 0.526 0.635 0.640 
Iopop 12 0.611 0.596 0.534 0.592 0.487 0.592 0.544 0.633 
Yellow Pearl Pop 0.667 0.632 0.588 0.637 0.551 0.535 0.692 0.662 
IDS91 0.680 0.672 0.633 0.688 0.559 0.672 0.634 0.702 
Ohio Yellow 0.643 0.596 0.583 0.614 0.533 0.638 0.627 0.696 
South American Pop 0.706 0.663 0.566 0.635 0.559 0.645 0.673 0.673 
Red Pop 0.739 0.703 0.665 0.671 0.665 0.766 0.781 0.782 
IDS69 0.690 0.667 0.632 0.685 0.577 0.678 0.645 0.740 
IDS28 0.712 0.698 0.615 0.675 0.599 0.670 0.642 0. 704 
Supergold 0.711 0.681 0.617 0.657 0.583 0.592 0.733 0.722 
Supergold Popcorn 0.737 0.72 0.648 0.686 0.626 0.628 0.762 0.739 
Sg 1533 0.737 0.700 0.658 0.683 0.617 0.606 0.741 0.739 
HP301 0.669 0.646 0.609 0.664 0.552 0.654 0.670 0.761 
Amber Pearl 0.779 0.745 0.681 0.691 0.687 0.711 0.823 0.740 
Chapalote Acc. 35 0.530 0.557 0.428 0.535 0.460 0.495 0.609 0.615 
Maiz Reventador 0.564 0.600 0.432 0.562 0.537 0.522 0.662 0.653 
Chihuahua 129 0.564 0.566 0.453 0.549 0.525 0.485 0.558 0.623 
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Table A8. (Continued). 
North 
Dakota Black Black Tom 
Tom Beauty Beauty Spanish Thumb Argentine 
Accession Thumb Acc. 50 Carnival Acc. 52 Pop Pop Pop Ladyfinger 
Fairfax Brown 0.637 0.562 0.550 0.568 0.502 0.663 0.724 0.685 
Tama Flint 0.513 0.455 0.404 0.416 0.415 0.504 0.650 0.664 
B73 x Mol 7 0.629 0.640 0.557 0.635 0.588 0.594 0.684 0.674 
White Rice 0.609 0.542 0.502 0.553 0.461 0.566 0.652 0.629 
Japanese Hulless 0.574 0.511 0.493 0.550 0.454 0.557 0.620 0.657 
Illinois Hulless 0.649 0.559 0.51 0.572 0.512 0.578 0.690 0.711 
Golden Australian 
Hulless 0.662 0.581 0.525 0.601 0.529 0.631 0.709 0.723 
Pinky Popcorn 0.569 0.522 0.415 0.480 0.449 0.594 0.638 0.624 
Black Beauty 0.705 0.696 0.633 0.725 0.675 0.637 0.795 0.737 
Bearclaw 0.659 0.652 0.571 0.605 0.578 0.648 0.764 0.776 
R-Strawberry 
Open Pollinated 0.661 0.669 0.645 0.701 0.645 0.693 0.672 0.780 
North Dakota 
Tom Thumb 0 0.488 0.438 0.558 0.516 0.499 0.575 0.760 
Black Beauty Acc. SO 0.464 0 0.476 0.475 0.400 0.555 0.635 0.709 
Carnival 0.315 0.406 0 0.396 0.438 0.431 0.587 0.644 
Black Beauty Acc. 52 0.413 0.218 0.321 0 0.446 0.588 0.647 0.668 
Spanish Pop 0.358 0.384 0.310 0.341 0 0.525 0.595 0.605 
Tom Thumb Pop 0.177 0.399 0.249 0.353 0.333 0 0.645 0.693 
Argentine Pop 0.473 0.501 0.454 0.460 0.471 0.415 0 0.775 
Ladyfinger 0.334 0.497 0.376 0.443 0.431 0.260 0.334 0 
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phil27-l 0.05 0.00 0.35 0.11 0.70 0.30 1.00 0.55 
phi 127-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi!27-3 0.10 1.00 0.55 0.22 0.20 0.70 0.00 0.25 
phi!27-4 0.85 0.00 0.05 0.67 0.10 0.00 0.00 0.20 
phi 127-5 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 
phi!27-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phiOSl-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi051-2 0.50 0.00 0.05 0.60 0.45 0.05 0.00 0.05 
phi051-3 0.00 0.00 0.55 0.00 0.50 0.50 0.75 0.10 
phi051-4 0.50 1.00 0.40 0.40 0.05 0.20 0.25 0.85 
phi051-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi051-6 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 
phi 115-1 0.00 0.00 0.00 0.00 0.10 0.05 0.50 0.17 
phil 15-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 
phil 15-3 1.00 1.00 1.00 1.00 0.90 0.95 0.50 0.78 
phi01S-l 0.35 0.00 0.50 0.11 0.05 0.45 0.00 0.00 
phi015-2 0.00 0.95 0.00 0.00 0.00 0.00 0.00 0.00 
phi015-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi015-4 0.55 0.05 0.10 0.11 0.50 0.05 0.50 0.60 
phi015-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi015-6 0.10 0.00 0.40 0.78 0.45 0.50 0.50 0.40 
phi033-l 0.05 0.05 0.00 0.25 0.00 0.00 0.00 0.00 
phi033-2 0.00 0.00 0.00 0.00 0.20 0.05 0.50 0.00 
phi033-3 0.00 0.00 0.05 0.00 0.00 0.05 0.10 0.00 
phi033-4 0.95 0.75 0.95 0.75 0.80 0.80 0.25 0.80 
phi033-5 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 
phi033-6 0.00 0.20 0.00 0.00 0.00 0.00 0.15 0.20 
phi053-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi053-2 0.05 0.10 0.40 0.00 0.40 0.55 0.75 0.75 
phi053-3 0.00 0.00 0.00 0.00 0.05 0.00 0.10 0.00 
phi053-4 0.70 0.10 0.00 0.30 0.00 0.00 0.15 0.00 
phi053-5 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi053-6 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00 
phi053-7 0.00 0.00 0.35 0.70 0.55 0.45 0.00 0.25 
phi053-8 0.15 0.80 0.00 0.00 0.00 0.00 0.00 0.00 
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phi072-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi072-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi072-3 0.70 0.15 0.45 0.95 0.55 0.10 0.00 0.65 
phi072-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi072-5 0.15 0.25 0.00 0.05 0.20 0.15 0.15 0.25 
phi072-6 0.15 0.60 0.55 0.00 0.25 0.75 0.85 0.10 
phi072-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi093-l 0.00 0.25 0.55 0.60 0.45 0.15 0.00 0.00 
phi093-2 0.25 0.00 0.10 0.25 0.35 0.60 0.00 0.00 
phi093-3 0.30 0.15 0.35 0.10 0.20 0.25 1.00 0.65 
phi093-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 
phi093-5 0.45 0.60 0.00 0.05 0.00 0.00 0.00 0.25 
phi024-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi024-2 0.00 0.35 0.00 0.00 0.20 0.05 0.25 0.86 
phi024-3 0.39 0.25 0.10 0.00 0.10 0.10 0.75 0.00 
phi024-4 0.17 0.30 0.90 1.00 0.70 0.85 0.00 0.00 
phi024-5 0.39 0.00 0.00 0.00 0.00 0.00 0.00 0.14 
phi024-6 0.05 0.10 0.00 0.00 0.00 0.00 0.00 0.00 
phi024-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-2 0.75 0.25 0.25 0.30 0.00 0.05 o.oo 0.00 
phi085-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-5 0.10 0.00 0.00 0.55 0.00 0.05 0.80 0.05 
phi085-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-8 0.15 0.75 0.75 0.15 1.00 0.90 0.20 0.95 
phi034-l 0.11 0.10 0.25 0.06 0.05 0.00 0.40 0.05 
phi034-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi034-3 0.78 0.05 0.00 0.00 0.00 0.00 0.00 0.00 
pbi034-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.15 
phi034-5 0.00 0.00 0.00 0.00 0.90 0.10 0.00 0.60 
phi034-6 0.11 0.50 0.35 0.94 0.05 0.30 0.45 0.20 
phi034-7 0.00 0.35 0.40 0.00 0.00 0.60 0.15 0.00 
phi034-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
239 
Table A9. (Continued). 
ACCESSIONS 
ARZM ARZM ARZM Brazil Brazil CHZ1V 
Locus- 06 073 13 073 04 014 No. 1 2785 2823 PG No. 10 07 091 
AJlele (Argentina) (Argentina) (Argentina) (Bolivia) (Brazil) (Brazil) (Chile) (Chile 
phil 21-1 0.90 1.00 0.95 1.00 1.00 1.00 1.00 1.00 
phil21-2 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi!21-3 0.00 0.00 0.05 0.00 O.OO 0.00 0.00 0.00 
phi056-l 0.00 0.00 O.OO 0.00 0.00 0.00 0.00 0.00 
phi056-2 0.00 0.15 0.15 0.00 0.65 0.20 0.00 0.00 
phi056-3 0.00 0.00 O.OO 0.00 0.00 0.00 0.00 0.00 
phi056-4 0.05 0.00 O.OO 0.00 0.00 0.05 0.00 0.00 
phi056-S 0.00 0.60 0.45 0.00 0.10 0.10 0.55 0.45 
phiOS6-6 0.75 0.25 0.25 1.00 0.00 0.00 0.15 0.45 
phi056-7 0.20 0.00 0.15 0.00 0.25 0.65 0.30 0.00 
phi056-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 
phi064-l 0.15 0.00 0.10 0.00 0.00 0.00 0.35 0.05 
phi064-2 0.25 0.00 0.70 0.00 0.05 0.20 0.25 0.00 
phi064-3 0.00 0.10 0.10 0.00 0.00 0.00 0.00 0.00 
phi064-4 0.20 0.00 0.00 0.90 0.50 0.00 0.00 0.10 
phi064-5 0.00 0.00 O.OO 0.00 0.00 0.00 0.00 0.00 
phi064-6 0.05 0.55 0.10 0.00 0.00 0.00 0.15 0.40 
phi064-7 0.35 0.05 0.00 0.10 0.45 0.70 0.00 0.45 
phi064-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi064-9 0.00 0.30 0.00 0.00 0.00 0.10 0.25 0.00 
phi064-10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phiOSO-l 0.15 0.00 0.00 0.00 0.15 0.00 0.00 0.00 
phi050-2 0.75 0.72 1.00 1.00 0.85 1.00 1.00 0.80 
phi050-3 0.10 0.28 0.00 0.00 0.00 0.00 0.00 0.20 
phi96100-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-4 O.OO 0.00 0.05 0.00 0.00 0.00 0.00 0.00 
phi96100-5 0.20 0.25 0.00 0.30 0.95 0.30 0.00 0.20 
phi96100-6 0.05 0.20 0.00 0.00 0.00 0.05 0.00 0.00 
phi96100-7 0.00 0.25 0.60 0.30 0.00 0.45 0.00 0.00 
phi96100-8 0.00 0.05 0.00 0.00 0.05 0.20 0.45 0.30 
phi96100-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-10 0.75 0.25 0.35 0.40 0.00 0.00 0.10 0.50 
phi96100-ll 0.00 0.00 0.00 0.00 0.00 0.00 0.45 0.00 
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Table A9. (Continued). 
ACCESSIONS 
Locus-
ARZM ARZM ARZM Brazil Brazil CHZM 
06 073 13 073 04 014 No. 1 2785 2823 PG No. 10 07 097 
Allele (Argentina) (Argentina) (Argentina) (Bolivia) (Brazil) (Brazil) (Chile) (Chile) 
philOl 249-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil01249-2 0.72 0.89 1.00 0.25 0.30 0.65 0.20 0.75 
philOl 249-3 0.17 0.11 0.00 0.05 0.70 0.05 0.80 0.00 
phil01249-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 
phil01249-5 0.11 0.00 0.00 0.00 0.00 0.30 0.00 0.00 
phil01249-6 0.00 0.00 0.00 0.70 0.00 0.00 0.00 0.05 
phil01249-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
philOl 249-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil09188-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil09188-2 0.05 0.00 0.00 0.00 0.00 0.05 0.00 0.00 
phi109188-3 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 
phil09188-4 0.55 0.90 0.60 1.00 0.90 0.20 0.25 0.70 
phil09188-5 0.40 0.10 0.30 0.00 0.00 0.00 0.45 0.30 
phil09188-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil09188-7 0.00 0.00 0.00 0.00 0.10 0.75 0.30 0.00 
phil09188-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi109188-9 0.00 0.00 0.0 0 0.00 0.00 0.00 0.00 0.00 
phi029-l af1 af' 0.70 af* 0.15 0.85 0.80 0.06 
phi029-2 af af 0.00 af 0.00 0.00 0.00 0.00 
phi029-3 af af 0.30 af 0.85 0.15 0.00 0.61 
phi029-4 af af 0.00 af 0.00 0.00 0.00 0.00 
phi029-5 af af 0.00 af 0.00 0.00 0.00 0.22 
phi029-6 af af 0.00 af 0.00 0.00 0.20 0.06 
phi029-7 af af 0.00 af 0.00 0.00 0.00 0.05 
phi073-l 0.00 0.00 0.50 0.00 0.00 0.00 0.00 0.00 
phi073-2 0.78 0.70 0.00 0.00 0.00 0.00 0.00 0.40 
phi073-3 0.00 0.05 0.00 0.70 0.55 0.06 0.17 0.00 
phi073-4 0.22 0.25 0.50 0.30 0.45 0.94 0.83 0.60 
phi073-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
pbi96342-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96342-2 0.00 0.00 0.00 0.00 0.10 0.10 0.15 0.00 
phi96342-3 0.55 0.95 0.25 0.05 0.45 0.10 0.70 0.28 
phi96342-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96342-5 0.45 0.05 0.75 0.95 0.45 0.80 0.15 0.72 
1 Amplification failed for this locus at this accession 
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Table A9. (Continued). 
ACCESSIONS 
Locus-
ARZM ARZM ARZM Brazil Brazil CHZM 
06 073 13 073 04 014 No. 1 278S 2823 PG No. 10 07 097 
Allele (Argentina) (Argentina) (Argentina) (Bolivia) (Brazil) (Brazil) (Chile) (Chile) 
phil09275-1 0.05 0.80 0.00 0.00 0.25 0.20 0.30 0.00 
phi!09275-2 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 
phil09275-3 0.35 0.10 0.90 0.45 0.60 0.75 0.00 1.00 
phil09275-4 0.10 0.00 0.10 0.00 0.15 0.00 0.00 0.00 
phi109275-5 0.40 0.00 0.00 0.50 0.00 0.05 0.00 0.00 
phi!09275-6 0.10 0.00 0.00 0.05 0.00 0.00 0.70 0.00 
phi427913-l 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 
phi427913-2 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 
ph4i27913-3 0.00 0.45 0.00 0.00 0.00 0.00 0.00 0.55 
phi427913-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi427913-5 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00 
phi427913-6 1.00 0.45 0.90 1.00 0.75 0.60 0.20 0.45 
phi427913-7 0.00 0.10 0.10 0.00 0.25 0.05 0.80 0.00 
phi427913-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi427913-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi265454-l 0.15 0.70 0.00 0.70 0.75 0.11 0.45 0.90 
phi265454-2 0.15 0.00 0.43 0.00 0.00 0.83 0.30 0.00 
phi265454-3 0.60 0.30 0.00 0.20 0.00 0.00 0.00 0.00 
phi265454-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 
phi265454-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi265454-6 0.10 0.00 0.07 0.10 0.25 0.06 0.25 0.00 
phi265454-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi265454-8 0.00 0.00 0.50 0.00 0.00 0.00 0.00 0.00 
phi402893-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-2 0.85 0.80 0.80 0.75 0.60 1.00 0.00 0.95 
phi402893-3 0.05 0.00 0.20 0.25 0.00 0.00 1.00 0.05 
phi402893-4 0.00 0.00 0.00 0.00 0.40 0.00 0.00 0.00 
phi402893-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-7 0.00 0.20 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-8 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Table A9. (Continued). 
ACCESSIONS 
Locus-
ARZM ARZM ARZM Brazil Brazil CHZM 
06 073 13 073 04014 No. 1 2785 2823 PC No. 10 07 097 
Allelc (Argentina) (Argentina) (Argentina) (Bolivia) (Brazil) (Brazil) (Chile) (Chile) 
phi346482-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi346482-2 0.00 0.40 0.15 0.00 0.20 0.00 0.70 0.10 
phi346482-3 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 
phi346482-4 1.00 0.60 0.80 1.00 0.80 1.00 0.30 0.90 
phi346482-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi308090-l 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.40 
phi308090-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi308090-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi308090-4 0.15 0.65 0.15 0.60 0.90 0.10 0.35 0.60 
phi308090-5 0.80 0.35 0.85 0.40 0.10 0.90 0.65 0.00 
phi330507-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi330507-2 0.85 0.60 0.05 1.00 0.20 0.05 0.55 1.00 
phi330507-3 0.15 0.40 0.50 0.00 0.50 0.85 0.00 0.00 
phi330507-4 0.00 0.00 0.45 0.00 0.30 0.10 0.45 0.00 
phi330507-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi330507-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi213984-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi213984-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi213984-3 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
phi339017-l 0.75 0.70 1.00 0.90 0.60 0.65 1.00 0.78 
phi339017-2 0.25 0.30 0.00 0.00 0.40 0.35 0.00 0.22 
phi339017-3 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 
phil59819-l 0.60 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil59819-2 0.00 0.15 0.20 0.35 0.75 0.90 0.30 0.94 
phil59819-3 0.00 0.10 0.10 0.05 0.00 0.00 0.70 0.00 
phil59819-4 0.00 0.00 0.30 0.00 0.00 0.00 0.00 0.00 
phil59819-5 0.40 0.75 0.40 0.60 0.25 0.10 0.00 0.06 
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phi 127-1 0.60 0.94 0.40 0.20 0.15 0.65 0.50 0.75 
phi!27-2 0.00 0.00 0.30 0.50 0.35 0.25 0.00 0.00 
pbil27-3 0.00 0.00 0.30 0.25 0.25 0.05 0.50 0.25 
phi!27-4 0.40 0.06 0.00 0.00 0.10 0.05 0.00 0.00 
phi!27-5 0.00 0.00 0.00 0.05 0.15 0.00 0.00 0.00 
phil27-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi051-l 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 
phi051-2 0.50 0.30 0.35 0.30 0.30 0.80 0.40 0.28 
phi051-3 0.00 0.00 0.55 0.35 0.35 0.00 0.60 0.11 
phi051-4 0.50 0.70 0.10 0.35 0.35 0.15 0.00 0.61 
phi051-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi051-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil 15-1 0.00 0.00 0.00 0.20 0.60 0.20 0.00 1.00 
phi 115-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil 15-3 1.00 1.00 1.00 0.80 0.40 0.80 1.00 0.00 
phi015-l 0.25 0.45 0.25 0.10 0.45 0.30 0.30 0.30 
phi01S-2 0.00 0.00 0.20 0.25 0.20 0.15 0.00 0.00 
phi015-3 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi015-4 0.60 0.55 0.20 0.55 0.20 0.55 0.20 0.45 
phi015-5 0.00 0.00 0.00 0.10 0.10 0.00 0.00 0.00 
phi015-6 0.00 0.00 0.35 0.00 0.05 0.00 0.50 0.25 
phi033-l 0.25 0.00 0.00 0.00 0.00 0.05 0.00 0.00 
phi033-2 0.00 0.00 0.00 0.00 0.45 0.10 0.05 0.00 
phi033-3 0.00 0.00 0.00 0.30 0.30 0.05 0.00 0.05 
phi033-4 0.65 0.65 0.75 0.60 0.25 0.50 0.95 0.65 
phi033-5 0.10 0.25 0.00 0.10 0.00 0.05 0.00 0.00 
phi033-6 0.00 0.10 0.25 0.00 0.00 0.25 0.00 0.30 
phi053-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi053-2 0.60 0.20 0.05 0.20 0.15 0.25 0.75 0.05 
phi053-3 0.00 0.00 0.40 0.15 0.00 0.20 0.00 0.00 
phi053-4 0.15 0.00 0.00 0.00 0.00 0.15 0.05 0.55 
phi053-5 0.00 0.20 0.00 0.00 0.00 0.00 0.05 0.00 
phi053-6 0.00 0.15 0.40 0.05 0.00 0.05 0.00 0.00 
phi053-7 0.25 0.45 0.15 0.60 0.85 0.35 0.15 0.40 
phi053-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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phi072-l 0.00 0.00 0.00 0.00 0.00 0.15 0.00 0.00 
phi072-2 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 
phi072-3 0.50 0.60 0.25 0.05 0.05 0.05 0.25 0.75 
phi072-4 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 
phi072-5 0.50 0.15 0.00 0.40 0.20 0.55 0.60 0.25 
phi072-6 0.00 0.25 0.75 0.20 0.40 0.10 0.15 0.00 
phi072-7 0.00 0.00 0.00 0.25 0.35 0.10 0.00 0.00 
phi093-l 0.05 0.35 0.00 0.05 0.00 0.05 0.40 0.20 
phi093-2 0.20 0.45 0.00 0.15 0.65 0.15 0.35 0.45 
phi093-3 0.50 0.15 0.00 0.30 0.05 0.75 0.25 0.35 
phi093-4 0.00 0.00 0.50 0.00 0.00 0.00 0.00 0.00 
phi093-5 0.25 0.05 0.50 0.50 0.30 0.05 0.00 0.00 
phi024-l 0.00 0.15 0.00 0.00 0.00 0.07 0.00 0.00 
phi024-2 0.00 0.45 1.00 0.00 0.11 0.43 0.35 0.00 
phi024-3 0.22 0.20 0.00 0.45 0.67 0.50 0.30 0.00 
phi024-4 0.00 0.15 0.00 0.55 0.22 0.00 0.25 1.00 
phi024-5 0.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi024-6 0.56 0.05 0.00 0.00 0.00 0.00 0.10 0.00 
phi024-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-2 0.11 0.88 0.00 0.25 0.00 0.35 0.25 0.00 
phi085-3 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 
phi085-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-5 0.56 0.06 0.10 0.75 0.25 0.20 0.30 0.00 
phi085-6 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 
phi085-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-8 0.33 0.06 0.90 0.00 0.45 0.45 0.45 1.00 
phi034-l 0.30 0.55 0.50 0.15 0.10 0.25 0.20 0.00 
phi034-2 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 
phi034-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.28 
phi034-4 0.10 0.15 0.00 0.00 0.00 0.00 0.00 0.00 
phi034-5 0.35 0.00 0.00 0.00 0.00 0.05 0.30 0.00 
phi034-6 0.25 0.30 0.00 0.85 0.35 0.45 0.05 0.72 
phi034-7 0.00 0.00 0.50 0.00 0.50 0.25 0.40 0.00 
phi034-8 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 
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phil21-l 1.00 1.00 1.00 1.00 1.00 0.85 1.00 1.00 
phil21-2 0.00 0.00 0.00 0.00 0.00 0.15 0.00 0.00 
pbi!21-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi056-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi056-2 0.00 0.05 0.00 0.05 0.30 0.25 0.10 0.05 
phi056-3 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 
phi056-4 0.00 0.00 0.00 0.00 0.05 0.05 0.05 0.00 
phi056-5 0.15 0.50 0.85 0.55 0.55 0.50 0.35 0.35 
phi056-6 0.80 0.35 0.05 0.15 0.00 0.00 0 10 0.60 
phi056-7 0.05 0.10 0.00 0.10 0.00 0.20 0.35 0.00 
phi056-8 0.00 0.00 0.10 0.10 0.10 0.00 0.05 0.00 
phi064-l 0.20 0.00 0.00 0.15 0.00 0.05 0.10 0.00 
phi064-2 0.20 0.10 0.35 0.40 0.10 0.00 0.45 0.00 
phi064-3 0.20 0.20 0.00 0.30 0.25 0.45 0.10 0.00 
phi064-4 0.20 0.05 0.00 0.05 0.10 0.20 0.05 0.30 
phi064-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi064-6 0.00 0.00 0.00 0.10 0.25 0.05 0.05 0.00 
phi064-7 0.10 0.10 0.65 0.00 0.25 0.10 0.20 0.15 
phi064-8 0.05 0.00 0.00 0.00 0.00 0.00 0.05 0.20 
phi064-9 0.05 0.55 0.00 0.00 0.00 0.15 0.00 0.35 
phi064-10 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 
phi050-l 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.00 
pbi050-2 0.85 0.90 1.00 0.65 0.65 0.95 1.00 1.00 
phi050-3 0.15 0 10 0.00 0.10 0.35 0.05 0.00 0.00 
phi96100-1 0.00 0.00 0.00 0.00 0.15 0.00 0.00 0.00 
phi96100-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 
phi96100-4 0.00 0.10 0.10 0.05 0.00 0.00 0.05 0.00 
phi96100-5 0.05 0.20 0.85 0.25 0.30 0.25 0.30 0.70 
phi96100-6 0.00 0.00 0.00 0.00 0.05 0.00 0.10 0.05 
phi96100-7 0.00 0.10 0.00 0.00 0.00 0.10 0.45 0.00 
phi96100-8 0.00 0.05 0.05 0.45 0.25 0.35 0.05 0.00 
phi96100-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 
phi96100-10 0.95 0.55 0.00 0.25 0.25 0.30 0.05 0.15 
phi96100-11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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phi!01249-l 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00 
phil01249-2 0.70 0.20 0.89 0.45 0.60 0.55 0.80 0.25 
phi!01249-3 0.25 0.65 0.00 0.50 0.40 0.20 0.10 0.00 
philOl 249-4 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.55 
phi!01249-5 0.00 0.00 0.00 0.05 0.00 0.05 0.00 0.05 
phil01249-6 0.05 0.00 0.00 0.00 0.00 0.00 0.10 0.15 
phil01249-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi!01249-8 0.00 0.00 0.11 0.00 0.00 0.00 0.00 0.00 
phi!09188-l 0.95 0.10 0.00 0.00 0.00 0.05 0.00 0.00 
phil09188-2 0.00 0.00 0.10 0.00 0.00 0.05 0.10 0.00 
phil09188-3 0.00 0.05 0.00 0.00 0.40 0.10 0.00 0.05 
phil09188-4 0.00 0.10 0.00 0.20 0.20 0.35 0.70 0.85 
phil09188-5 0.00 0.75 0.25 0.60 0.10 0.35 0.10 0.00 
phi!09188-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil09188-7 0.05 0.00 0.65 0.20 0.30 0.00 0.05 0.05 
phil09188-8 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.05 
phil09188-9 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 
phi029-l af1 af1 0.50 0.35 0.50 0.30 0.28 af1 
phi029-2 af af 0.00 0.00 0.00 0.00 0.00 af 
phi029-3 af af 0.00 0.65 0.35 0.70 0.72 af 
phi029-4 af af 0.00 0.00 0.00 0.00 0.00 af 
phi029-5 af af 0.00 0.00 0.00 0.00 0.00 af 
phi029-6 af af 0.50 0.00 0.15 0.00 0.00 af 
phi029-7 af af 0.00 0.00 0.00 0.00 0.00 af 
phi073-l 0.00 0.05 0.00 0.11 0.00 0.00 0.22 0.00 
phi073-2 0.00 0.00 0.25 0.33 0.10 0.00 0.00 0.00 
phi073-3 0.33 0.80 0.70 0.28 0.50 0.35 0.06 0.60 
phi073-4 0.67 0.15 0.05 0.22 0.40 0.65 0.72 0.40 
phi073-5 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 
phi96342-l 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 
phi96342-2 0.00 0.00 0.00 0.00 0.00 0.00 0.15 0.45 
phi96342-3 0.75 0.65 0.95 0.80 0.85 0.95 0.55 0.55 
phi96342-4 0.00 0.05 0.00 0.15 0.05 0.00 0.00 0.00 
phi96342-5 0.25 0.15 0.05 0.05 0.10 0.05 0.30 0.00 
1 Amplification failed for this locus at this accession 
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phil09275-1 0.00 0.05 0.00 0.25 0.30 0.00 0.39 0.45 
phil09275-2 0.00 0.00 0.00 0.10 0.05 0.00 0.00 0.00 
phil09275-3 0.25 0.25 0.25 0.25 0.10 0.45 0.33 0.15 
phil09275-4 0.00 0.00 0.45 0.00 0.00 0.00 0.22 0.00 
phil09275-5 0.40 0.60 0.00 0.15 0.25 0.20 0.00 0.30 
phil09275-6 0.35 0.10 0.30 0.25 0.30 0.35 0.06 0.10 
phi427913-l 0.15 0.00 0.00 0.00 0.15 0.00 0.00 0.00 
phi427913-2 0.00 0.00 0.00 0.05 0.00 0.25 0.00 0.15 
ph4i27913-3 0.25 0.05 0.00 0.15 0.00 0.20 0.00 0.00 
phi427913-4 0.00 0.00 0.15 0.10 0.20 0.20 0.00 0.00 
phi427913-5 0.00 0.30 0.05 0.00 0.00 0.15 0.00 0.10 
phi427913-6 0.50 0.65 0.80 0.55 0.40 0.15 1.00 0.75 
phi427913-7 0.10 0.00 0.00 0.10 0.25 0.05 0.00 0.00 
phi427913-8 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 
phi427913-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi265454-l 0.17 0.00 0.67 0.33 0.05 0.15 0.40 0.14 
phi265454-2 0.00 0.00 0.00 0.28 0.65 0.10 0.35 0.15 
phi265454-3 0.11 0.10 0.00 0.00 0.00 0.10 0.00 0.57 
phi265454-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi265454-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 
phi265454-6 0.72 0.90 0.33 0.00 0.15 0.55 0.25 0.07 
phi265454-7 0.00 0.00 0.00 0.39 0.15 0.10 0.00 0.00 
phi265454-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-l 0.00 0.00 0.10 0.10 0.10 0.25 0.00 0.00 
phi402893-2 0.60 0.10 0.10 0.90 0.75 0.35 0.90 0.80 
phi402893-3 0.35 0.90 0.15 0.00 0.10 0.00 0.00 0.00 
phi402893-4 0.00 0.00 0.00 0.00 0.00 0.15 0.05 0.20 
phi402893-5 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 
phi402893-6 0.00 0.00 0.65 0.00 0.05 0.00 0.00 0.00 
phi402893-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-8 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 
phi402893-9 0.05 0.00 0.00 0.00 0.00 0.20 0.00 0.00 
248 

























phi346482-I 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi346482-2 0.10 0.20 0.15 0.60 0.05 0.50 0.30 0.00 
phi346482-3 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 
phi346482-4 0.90 0.70 0.70 0.40 0.95 0.45 0.70 1.00 
phi346482-5 0.00 0.10 0.00 0.00 0.00 0.05 0.00 0.00 
phi308090-l 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 
phi308090-2 0.00 0.00 0.30 0.00 0.00 0.00 0.00 0.00 
phi308090-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi308090-4 0.35 0.20 0.00 0.35 0.20 0.50 0.45 0.35 
phi308090-5 0.65 0.75 0.70 0.65 0.80 0.50 0.55 0.65 
phi330507-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi330507-2 0.80 0.95 0.70 0.85 0.65 0.40 0.50 1.00 
phi330507-3 0.15 0.00 0.00 0.10 0.35 0.20 0.35 0.00 
phi330507-4 0.05 0.00 0.00 0.05 0.00 0.40 0.15 0.00 
phi330507-5 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 
phi330507-6 0.00 0.00 0.30 0.00 0.00 0.00 0.00 0.00 
phi213984-1 0.00 0.00 0.10 0.00 0.00 0.00 0.05 0.00 
phi213984-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi213984-3 1.00 1.00 0.90 1.00 1.00 1.00 0.95 1.00 
phi339017-l 0.60 0.90 0.85 0.70 0.40 0.50 0.75 0.30 
phi339017-2 0.10 0.05 0.15 0.30 0.05 0.40 0.20 0.70 
phi339017-3 0.30 0.05 0.00 0.00 0.55 0.10 0.05 0.00 
phil59819-l 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil 59819-2 0.30 0.75 1.00 0.95 0.05 0.95 0.50 0.05 
phil59819-3 0.10 0.00 0.00 0.00 0.55 0.05 0.05 0.35 
phil 59819-4 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil59819-5 0.20 0.25 0.00 0.05 0.40 0.00 0.45 0.60 
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phil 27-1 0.60 0.22 0.05 0.80 0.65 0.40 0.15 0.00 
phil 27-2 0.00 0.00 0.00 0.15 0.00 0.05 0.00 0.00 
phil27-3 0.05 0.00 0.85 0.00 0.05 0.20 0.55 0.89 
phil27-4 0.35 0.78 0.10 0.00 0.30 0.35 0.30 0.11 
phi 127-5 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 
phil27-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phiOSl-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi051-2 0.05 0.38 0.50 0.61 0.15 0.20 0.00 0.33 
phi051-3 0.75 0.12 0.00 0.00 0.65 0.60 0.75 0.45 
phi051-4 0.20 0.50 0.50 0.39 0.10 0.20 0.25 0.22 
phi051-5 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 
phi051-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil 15-1 0.10 0.00 0.00 0.00 0.57 0.45 0.45 0.33 
phil 15-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil 15-3 0.90 1.00 1.00 1.00 0.43 0.55 0.55 0.67 
phi015-l 0.30 0.20 0.30 0.20 0.25 0.45 0.05 0.00 
phi015-2 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 
phi015-3 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 
phi015-4 0.25 0.05 0.15 0.00 0.40 0.10 0.50 0.55 
phi015-5 0.00 0.00 0.05 0.75 0.00 0.00 0.00 0.00 
phi015-6 0.45 0.75 0.45 0.00 0.35 0.45 0.45 0.45 
phi033-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi033-2 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 
phi033-3 0.00 0.00 0.00 1.00 0.05 0.00 0.00 0.00 
phi033-4 0.40 0.55 1.00 0.00 0.70 0.70 0.80 1.00 
phi033-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi033-6 0.60 0.45 0.00 0.00 0.25 0.30 0.00 0.00 
phi053-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 
phi053-2 0.45 0.00 0.00 0.00 0.25 0.20 0.30 0.95 
phi053-3 0.00 0.00 0.00 0.50 0.20 0.25 0.70 0.00 
phi053-4 0.00 0.90 0.00 0.30 0.05 0.00 0.00 0.00 
phi053-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi053-6 0.20 0.00 0.00 0.00 0.00 0.15 0.00 0.00 
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phi053-7 0.35 0.10 1.00 0.05 0.50 0.40 0.00 0.00 
phiOS3-8 O.OO 0.00 0.00 0.15 0.00 0.00 0.00 0.00 
phi072-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi072-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi072-3 0.35 0.45 0.45 0.00 0.10 0.15 0.55 0.10 
phi072-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi072-5 0.65 0.20 0.30 0.60 0.40 0.30 0.20 0.90 
phi072-6 0.00 0.35 0.25 0.40 0.50 0.55 0.25 0.00 
phi072-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi093-l 0.10 0.00 0.00 0.00 0.20 0.30 0.05 0.17 
phi093-2 0.05 0.15 0.15 0.00 0.05 0.00 0.00 0.00 
phi093-3 0.80 0.30 0.80 0.70 0.70 0.55 0.95 0.61 
phi093-4 0.00 0.55 0.00 0.00 0.05 0.15 0.00 0.11 
phi093-5 0.05 0.00 0.05 0.30 0.00 0.00 0.00 0.11 
phi024-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi024-2 0.00 0.10 0.45 0.00 0.25 0.10 0.90 1.00 
phi024-3 O.OO 0.00 0.00 0.00 0.60 0.60 0.00 0.00 
phi024-4 0.00 0.90 0.55 0.22 0.15 0.30 0.10 0.00 
phi024-5 0.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi024-6 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi024-7 0.00 0.00 0.00 0.78 0.00 0.00 0.00 0.00 
phi08S-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-2 0.35 1.00 0.17 0.00 0.15 0.10 0.00 0.00 
phi08S-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-4 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 
phi08S-5 0.30 0.00 0.17 0.00 0.30 0.15 0.00 0.00 
phi085-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi08S-7 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 
phi085-8 0.35 0.00 0.66 0.00 0.55 0.75 0.95 1.00 
phi034-l 0.75 0.10 0.45 0.00 0.50 0.30 0.55 0.00 
phi034-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi034-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi034-4 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.10 
phi034-5 0.00 0.55 0.00 0.00 0.10 0.10 0.40 0.85 
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phi034-6 0.05 0.35 0.40 0.80 0.15 0.15 0.05 0.05 
phi034-7 0.20 0.00 0.00 0.20 0.25 0.45 0.00 0.00 
phi034-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil21-l 1.00 1.00 1.00 0.95 0.90 0.85 1.00 0.95 
phi!21-2 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.05 
phil21-3 0.00 0.00 0.00 0.00 0.10 0.15 0.00 0.00 
phiOS6-l 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 
phiOS6-2 0.10 0.00 0.10 0.00 0.45 0.25 0.00 0.00 
phi056-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi056-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phiOS6-5 0.05 0.00 0.15 0.30 0.30 0.20 0.55 0.45 
phi056-6 0.40 1.00 0.70 0.00 0.10 0.05 0.40 0.00 
phi056-7 0.45 0.00 0.00 0.00 0.10 0.10 0.00 0.00 
phiOS6-8 0.00 0.00 0.00 0.70 0.05 0.40 0.05 0.55 
phi064-l 0.00 0.10 0.05 0.00 0.10 0.00 0.20 0.15 
phi064-2 0.60 0.20 0.05 0.05 0.25 0.15 0.55 0.05 
phi064-3 0.40 0.00 0.00 0.00 0.25 0.40 0.00 0.00 
phi064-4 0.00 0.65 0.25 0.00 0.00 0.00 0.05 0.00 
phi064-5 0.00 0.00 0.05 0.00 0.00 0.20 0.00 0.00 
phi064-6 0.00 0.00 0.00 0.25 0.10 0.00 0.00 0.00 
phi064-7 0.00 0.00 0.25 0.70 0.25 0.05 0.20 0.80 
phi064-8 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00 
phi064-9 0.00 0.05 0.35 0.00 0.05 0.00 0.00 0.00 
phi064-10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phiOSO-1 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.05 
phiOSO-2 1.00 1.00 1.00 0.65 100 0.70 0.80 0.95 
phi050-3 0.00 0.00 0.00 0.35 0.00 0.30 0.15 0.00 
phi96100-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-2 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 
phi96100-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-4 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 
phi96100-5 0.50 0.00 0.00 0.90 0.60 0.50 0.00 0.15 
phi96100-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-7 0.05 0.00 0.05 0.00 0.20 0.00 0.00 0.00 
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phi96100-8 0.35 0.20 0.15 0.00 0.05 0.35 0.65 0.60 
phi96100-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-10 0.10 0.80 0.75 0.00 0.15 0.15 0.35 0.25 
phi96100-ll 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi!01249-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil01249-2 0.65 1.00 0.35 1.00 0.40 0.45 0.30 0.80 
phil01249-3 0.25 0.00 0.45 0.00 0.10 0.25 0.05 0.00 
phil01249-4 0.00 0.00 0.05 0.00 0.00 0.10 0.05 0.00 
phil01249-5 0.00 0.00 0.05 0.00 0.05 0.00 0.00 0.00 
phil01249-6 0.10 0.00 0.10 0.00 0.20 0.20 0.00 0.15 
phil 01249-7 0.00 0.00 0.00 0.00 0.20 0.00 0.00 0.05 
phil01249-8 0.00 0.00 0.00 0.00 0.05 0.00 0.60 0.00 
phil09188-l 0.00 0.30 0.20 0.00 0.00 0.00 0.00 0.00 
phi109188-2 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 
phil09188-3 0.45 0.00 0.00 0.00 0.05 0.05 0.00 0.00 
phil09188-4 0.15 0.55 0.80 0.00 0.40 0.30 0.45 0.35 
phi109188-5 0.40 0.00 0.00 0.00 0.55 0.25 0.40 0.65 
phil09188-6 0.00 0.15 0.00 0.00 0.00 0.00 0.15 0.00 
phil09188-7 0.00 0.00 0.00 1.00 0.00 0.35 0.00 0.00 
phil09188-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil09188-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi029-l 0.25 af1 af1 af1 0.42 0.70 0.05 0.70 
phi029-2 0.00 af af af 0.00 0.00 0.00 0.00 
phi029-3 0.75 af af af 0.25 0.20 0.40 0.30 
phi029-4 0.00 af af af 0.08 0.05 0.00 0.00 
phi029-5 0.00 af af af 0.00 0.00 0.00 0.00 
phi029-6 0.00 af af af 0.25 0.05 0.55 0.00 
phi029-7 0.00 af af af 0.00 0.00 0.00 0.00 
phi073-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi073-2 0.00 0.00 0.20 0.00 0.44 0.22 1.00 0.75 
phi073-3 0.30 0.00 0.80 1.00 0.06 0.56 0.00 0.00 
phi073-4 0.60 1.00 0.00 0.00 0.50 0.22 0.00 0.25 
phi073-5 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 Amplification failed for this locus at this accession 
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phi96342-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96342-2 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 
phi96342-3 0.95 0.65 0.70 0.10 0.80 0.70 0.30 0.75 
phi96342-4 0.00 0.00 0.00 0.90 0.05 0.00 0.00 0.00 
phi96342-5 0.05 0.35 0.30 0.00 0.10 0.30 0.70 0.25 
phi!09275-l 0.30 0.00 0.00 0.10 0.50 0.10 0.00 0.05 
phi!09275-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi!09275-3 0.20 0.80 0.15 0.80 0.05 0.35 0.95 0.85 
phi!09275-4 0.00 0.00 0.20 0.00 0.10 0.05 0.00 0.05 
phi!09275-5 0.40 0.20 0.65 0.00 0.10 0.00 0.00 0.00 
phil09275-6 0.10 0.00 0.00 0.10 0.25 0.50 0.05 0.05 
phi427913-l 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi427913-2 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 
ph4i27913-3 0.45 0.05 0.00 0.00 0.50 0.25 0.30 0.90 
phi427913-4 0.00 0.00 0.00 0.35 0.00 0.00 0.00 0.00 
phi427913-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi427913-6 0.15 0.95 0.75 0.65 0.25 0.65 0.70 0.10 
phi427913-7 0.35 0.00 0.00 0.00 0.15 0.10 0.00 0.00 
phi427913-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi427913-9 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00 
phi265454-l 0.00 0.40 0.35 0.95 0.35 0.25 1.00 1.00 
phi265454-2 0.11 0.10 0.00 0.00 0.50 0.40 0.00 0.00 
phi26S454-3 0.00 0.10 0.10 0.05 0.00 0.00 0.00 0.00 
phi26S454-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi26S454-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi265454-6 0.83 0.20 0.40 0.00 0.15 0.35 0.00 0.00 
phi265454-7 0.00 0.20 0.15 0.00 0.00 0.00 0.00 0.00 
phi265454-8 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-l 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 
phi402893-2 0.45 0.90 0.90 0.00 0.45 0.60 0.80 0.35 
phi402893-3 0.00 0.10 0.05 0.00 0.05 0.05 0.15 0.00 
phi402893-4 0.00 0.00 0.00 0.00 0.15 0.25 0.00 0.00 
phi402893-S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-6 0.05 0.00 0.00 0.65 0.00 0.00 0.05 0.65 
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pbi402893-7 0.25 0.00 0.00 0.35 0.30 0.10 0.00 0.00 
phi402893-8 0.25 0.00 0.00 0.00 0.05 0.00 0.00 0.00 
phi402893-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi346482-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 
pbi346482-2 0.60 0.00 0.00 0.70 0.10 0.20 0.30 0.05 
phi346482-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi346482-4 0.40 1.00 1.00 0.30 0.90 0.80 0.70 0.90 
phi346482-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
pbi308090-l 0.00 0.10 0.00 0.00 0.00 0.00 0.30 0.25 
phi308090-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi308090-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi308090-4 0.40 0.35 0.67 0.85 0.35 0.35 0.50 0.60 
phi308090-5 0.60 0.55 0.33 0.15 0.65 0.65 0.20 0.15 
phi330507-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi330507-2 0.60 1.00 1.00 0.95 0.70 0.70 1.00 1.00 
phi330507-3 0.40 0.00 0.00 0.00 0.15 0.20 0.00 0.00 
pbi330507-4 0.00 0.00 0.00 0.05 0.15 0.10 0.00 0.00 
phi330507-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi330507-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi2I3984-l 0.50 0.00 0.00 0.00 0.10 0.15 0.70 0.00 
phi213984-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi213984-3 0.50 1.00 1.00 1.00 0.90 0.85 0.30 1.00 
phi339017-l 0.80 0.85 0.85 100 0.90 1.00 0.45 0.90 
phi339017-2 0.20 0.15 0.15 0.00 0.05 0.00 0.55 0.10 
phi339017-3 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 
phil59819-l 0.00 0.40 0.35 0.50 0.05 0.00 0.20 0.10 
phil59819-2 0.40 0.05 0.10 0.50 0.40 0.35 0.50 0.80 
phil59819-3 0.60 0.20 0.00 0.00 0.15 0.20 0.00 0.00 
phil59819-4 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.10 
phil 59819-5 0.00 0.35 0.55 0.00 0.35 0.45 0.30 0.00 
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phil 27-1 0.50 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
phil 27-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil27-3 0.00 0.90 0.00 0.00 0.55 0.00 0.00 0.00 
phil 27-4 0.50 0.10 1.00 1.00 0.45 1.00 1.00 0.00 
phil 27-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil 27-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phiOSl-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi051-2 0.00 0.00 0.00 0.07 0.06 0.00 0.00 0.00 
phi051-3 0.00 0.00 0.00 0.79 0.94 0.12 0.00 0.00 
phi051-4 1.00 1.00 1.00 0.14 0.00 0.88 1.00 1.00 
phi051-S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi051-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil 15-1 0.50 0.07 0.95 0.00 0.12 0.00 1.00 0.00 
phil 15-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil 15-3 0.50 0.93 0.05 1.00 0.88 1.00 0.00 1.00 
phi015-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi015-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi015-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi015-4 0.50 1.00 1.00 0.65 0.70 1.00 1.00 0.00 
phi015-5 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 
phi015-6 0.50 0.00 0.00 0.30 0.30 0.00 0.00 1.00 
phi033-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi033-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi033-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi033-4 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 
phi033-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi033-6 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 
phi053-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi053-2 1.00 1.00 1.00 0.00 0.40 1.00 1.00 1.00 
phi053-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi053-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi053-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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phi053-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi053-7 0.00 0.00 0.00 1.00 0.60 0.00 0.00 0.00 
phi053-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi072-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
ph!072-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi072-3 0.50 0.11 0.00 0.00 0.80 0.00 0.00 1.00 
phi072-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi072-5 0.50 0.89 1.00 1.00 0.20 1.00 100 0.00 
phi072-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi072-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi093-l 0.50 0.00 1.00 0.15 0.00 0.00 1.00 0.00 
ph!093-2 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 
phi093-3 0.50 0.89 0.00 0.85 1.00 1.00 0.00 1.00 
phi093-4 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 
phi093-S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi024-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi024-2 1.00 0.88 1.00 0.00 0.00 0.00 1.00 100 
phi024-3 0.00 0.12 0.00 1.00 1.00 1.00 0.00 0.00 
phi024-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi024-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi024-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi024-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi08S-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi08S-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-8 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
phi034-l 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 
phi034-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi034-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi034-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi034-5 0.50 1.00 1.00 1.00 1.00 0.00 1.00 0.00 
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phi034-6 0.50 0.00 0.00 0.00 0.00 1.00 0.00 1.00 
phi034-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi034-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil21-l 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
phil21-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil21-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi056-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi056-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi056-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi056-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi056-5 1.00 0.30 1.00 1.00 1.00 1.00 1.00 1.00 
phi056-6 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 
phiOS6-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi056-8 0.00 0.55 0.00 0.00 0.00 0.00 0.00 0.00 
phi064-l 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 
phi064-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi064-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi064-4 0.00 0.00 0.00 0.00 0.15 0.00 0.00 0.00 
phi064-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi064-6 0.50 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
phi064-7 0.50 0.95 1.00 1.00 0.85 1.00 1.00 0.00 
phi064-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi064-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi064-10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi050-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi050-2 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 
phi050-3 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 
phi96100-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-5 0.40 0.00 0.00 0.00 0.00 0.00 0.00 0.65 
phi96100-6 0.00 0.20 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-8 0.30 0.65 0.70 1.00 0.95 1.00 0.00 0.35 
258 























phi96100-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-10 0.30 0.15 0.30 0.00 0.05 0.00 1.00 0.00 
phi%100.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil01249-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil01249-2 0.00 1.00 0.00 0.65 1.00 0.00 0.00 0.00 
phil01249-3 1.00 0.00 1.00 0.35 0.00 1.00 1.00 1.00 
philOl 249-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
philOl 249-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil01249-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil01249-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil01249-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil09188-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil09188-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil09188-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil09188-4 0.50 0.45 1.00 1.00 1.00 1.00 1.00 0.00 
phil09188-5 0.50 0.55 0.00 0.00 0.00 0.00 0.00 1.00 
phil09188-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi109188-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil09188-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil09188-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi029-l 0.00 0.55 0.00 0.00 0.00 0.00 0.00 0.00 
phi029-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi029-3 1.00 0.45 1.00 1.00 1.00 1.00 1.00 1.00 
phi029-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi029-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi029-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi029-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi073-l 0.50 0.00 0.00 0.00 0.00 1.00 1.00 1.00 
phi073-2 0.50 0.90 1.00 0.00 1.00 0.00 0.00 0.00 
phi073-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi073-4 0.00 0.10 0.00 1.00 0.00 0.00 0.00 0.00 
phi073-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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phi96342-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96342-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96342-3 0.00 0.90 0.00 0.00 0.25 0.00 0.00 0.00 
phi96342-4 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 
phi96342-5 1.00 0.10 1.00 0.90 0.75 1.00 1.00 1.00 
phil0927S-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil09275-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil09275-3 1.00 0.90 1.00 0.50 0.65 0.00 1.00 1.00 
phil09275-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil09275-5 0.00 0.10 0.00 0.00 0.00 1.00 0.00 0.00 
phil09275-6 0.00 0.00 0.00 0.50 0.35 0.00 0.00 0.00 
phi427913-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi427913-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
ph4i27913-3 0.00 1.00 0.00 0.00 0.60 0.00 0.00 0.00 
phi427913-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi427913-5 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 
phi427913-6 1.00 0.00 1.00 0.90 0.40 1.00 1.00 1.00 
phi427913-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi427913-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi427913-9 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0 0.00 
phi2654S4-l 1.00 1.00 0.00 0.90 0.05 0.05 0.00 1.00 
phi2654S4-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi2654S4-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi2654S4-4 0.00 0.00 1.00 0.10 0.95 0.95 1.00 0.00 
phi265454-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi265454-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi265454-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi265454-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-2 1.00 0.70 1.00 1.00 1.00 1.00 1.00 1.00 
phi402893-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-6 0.00 0.30 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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phi402893-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
pbi346482-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi346482-2 1.00 0.00 0.75 0.00 0.00 0.60 0.95 1.00 
phi346482-3 0.00 0.00 0.25 0.05 0.00 0.00 0.05 0.00 
phi346482-4 0.00 1.00 0.00 0.95 1.00 0.40 0.00 0.00 
phi346482-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi308090-l 0.00 0.40 0.90 0.95 0.90 0.00 0.95 0.00 
phi308090-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi308090-3 0.00 0.00 0.05 0.05 0.00 0.00 0.00 0.00 
phi308090-4 1.00 0.05 0.05 0.00 0.00 1.00 0.05 1.00 
phi308090-5 0.00 0.55 0.00 0.00 0.10 0.00 0.00 0.00 
phi330507-l 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 
phi330507-2 1.00 1.00 0.90 1.00 1.00 1.00 1.00 1.00 
phi330507-3 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 
phi330507-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi330507-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi330507-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi213984-l 0.00 0.00 0.00 0.00 0.00 0.95 0.00 0.00 
phi213984-2 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 
phi213984-3 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 
phi339017-l 1.00 0.95 1.00 0.00 0.65 1.00 1.00 1.00 
phi339017-2 0.00 0.05 0.00 1.00 0.35 0.00 0.00 0.00 
phi339017-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil59819-l 0.50 0.20 0.00 0.00 0.95 1.00 0.00 1.00 
phil59819-2 0.50 0.80 1.00 1.00 0.00 0.00 1.00 0.00 
phil 59819-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil 59819-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil59819-5 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 
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phil27-l 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 
phi!27-2 0.00 0.00 0.00 0.00 0.00 0.33 0.00 0.00 
phil27-3 0.85 1.00 1.00 0.10 1.00 0.00 0.00 0.00 
phil27-4 0.15 0.00 0.00 0.90 0.00 0.67 0.80 1.00 
phil 27-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil27-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phiOSl-l 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 
phi051-2 0.00 0.00 0.00 0.00 0.00 0.15 0.00 0.50 
phi051-3 0.00 0.00 0.00 0.00 0.00 0.85 0.00 0.50 
phi051-4 1.00 1.00 1.00 1.00 1.00 0.00 0.95 0.00 
phi051-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi051-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil 15-1 0.65 1.00 1.00 1.00 1.00 0.00 0.70 0.00 
phil 15-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil 15-3 0.35 0.00 0.0G 0.00 0.00 1.00 0.30 1.00 
phi015-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi015-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi015-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi015-4 1.00 1.00 1.00 1.00 1.00 L00 1.00 0.50 
phi015-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi015-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 
phi033-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi033-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi033-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi033-4 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 
phi033-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi033-6 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 
phi053-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi053-2 1.00 1.00 1.00 1.00 1.00 0.00 0.22 0.50 
phi053-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 
phi053-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi053-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi053-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi053-7 0.00 0.00 0.00 0.00 0.00 1.00 0.14 0.00 
phi053-8 0.00 0.00 0.00 0.00 0.00 0.00 0.64 0.00 




E 1 1 1 
•g. 
1 1 1 1 i 1 
*T3 
E 
! ! ! ! ! I I ! ! ! ! ! ! ! I i ! O E! ! ! O E! 
© © © © © © © © © © © © © © © © © © © P © 8 8 8 i 8 8 8 8 S 8 8 8 8 8 8 8 8 8 oo UJ 8 § 8 
© © © © p O O © O O O O © © © © O © O O 8 8 8 i 8 8 8 8 i 8 8 8 8 8 8 8 8 8 i 8 8 8 8 
O O O © o O © © O © © © O O O © © © © © 
8 8 8 S 8 8 8 8 S 8 8 8 8 8 8 8 8 8 8 8 8 i 8 
O © © © o © © © © © © © © © © O © © © © 
8 8 8 1 S 8 8 8 i 8 8 8 8 8 8 8 8 8 8 8 § 1 8 
© O © © o © © © O © © O © O © © © © © © 
8 8 8 1 8 8 8 8 1 8 8 8 8 8 8 8 8 8 i 8 8 s 8 
© © © © o © © © O © O O O O © © © © © © © 8 8 1 8 8 8 8 8 i 8 8 8 8 8 8 8 8 8 w \0 8 8 8 
p © O O o O © © © © © © O © © O © © © O © © S S § 8 8 8 8 S S S 8 © Vi 8 8 \0 Ln S 8 8 © 8 8 © 8 
© © © © © o O © © O O © O © © O O O © © O © © 8 8 LA © 8 8 8 8 L/i © Vf © 8 8 8 8 8 L/i © 8 8 8 8 Lfi © 8 lyi © 8 
*B °0 *D *9 
S S S I I so >© >© so 
w w w w w 
M 1 U N M 
© © • — © ©  
8 8 8 8 8 
o o — o o 
8 8 8 8 
o © •— o 
8 8 8 8 
o o o o — 
8 8 8 8 
o o — o o 
8 8 8 8 8 
o © o — o 
8 8 8 8 
© © © © © 
W ©  L A W  © I* © Vi © 
© © © © © 
O © Lz. o 'Vi 
©  ©  ©  ©  ©  
1 1 1 1 1 1 1  
si >| -el «*4 -«J *-J 
N M K) N N N M 
v| ^ Ùl i Ù Kl M 
o o — o o o o 
8 8 8 8 8 8 8 
o o — o o o o 
8 8 8 8 8 8 8 
© © © © © © 
8 O § 8 8 8 8 8  
© © — © © © © 
8 8 8 8 8 8 8 
© © —» O © © © 
© © © © © © ©  
© © © © © © ©  
© © © © © © © 
© bo k> ô Ô © © © © © © © © © 
p © © © © © © 
© k> © Os © © © © Vi © Ui © © 
© © © © © © 











































phil21-l 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.50 
phi!21-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 
phi!21-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi056-l 0.00 0.00 0.00 0.00 O.OO 0.00 0.00 0.00 
phi056-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi056-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi056-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi056-5 1.00 1.C0 1.00 1.00 1.00 0.00 0.30 0.50 
phi056-6 0.00 0.00 0.00 0.00 0.00 1.00 0.70 0.50 
phi056-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi056-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi064-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi064-2 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.50 
phi064-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi064-4 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 
phi064-5 0.00 0.00 0.00 0.00 0.00 0.00 0.70 0.00 
phi064-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi064-7 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.50 
phi064-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi064-9 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 
phi064-10 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 
phiOSO-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 
phi050-2 1.00 1.00 1.00 1.00 1.00 1.00 0.55 0.00 
phi050-3 0.00 0.00 0.00 0.00 0.00 0.00 0.45 0.50 
phi96100-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-5 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 
phi96100-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 
phi96100-7 0.00 0.00 0.00 0.00 0.00 0.55 0.00 0.00 
phi96100-8 0.00 0.00 0.00 0.00 0.00 0.45 0.00 0.50 
phi96100-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-10 1.00 1.00 1.00 1.00 1.00 0.00 0.90 0.00 
phi96100-ll 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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phiI09275-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 
phi!09275-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi!09275-3 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 
phil09275-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil09275-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi!09275-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 
phi427913-l O.OO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi427913-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
ph4i27913-3 1.00 1.00 1.00 0.00 1.00 0.00 0.00 0.00 
phi427913-4 0.00 0.00 0.00 0.00 0.00 0.30 0.30 0.00 
phi427913-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi427913-6 0.00 0.00 0.00 1.00 0.00 0.00 0.20 1.00 
phi427913-7 0.00 0.00 0.00 0.00 0.00 0.70 0.50 0.00 
phi427913-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi427913-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi265454-l 1.00 1.00 1.00 0.00 0.00 1.00 0.85 0.50 
phi265454-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi265454-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi265454-4 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 
phi265454-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi265454-6 0.00 0.00 0.00 0.00 0.00 0.00 0.15 0.50 
phi265454-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi265454-8 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 
phi402893-l 0.00 0.00 0.00 0.00 0.00 0.00 0.45 0.50 
phi402893-2 1.00 1.00 0.00 1.00 0.00 1.00 0.55 0.00 
phi402893-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 
phi402893-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-6 0.00 0.00 1.00 0.00 1.00 0.00 0.00 0.00 
phi402893-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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White Japanese Illinois Australian Pinky Beauty R-Strawberrv 
Rice Hulless Hulless Hulless Popcorn Acc. 46 Bcarclaw OP 
Allele (USA) (USA) (USA) (USA) (USA) (USA) (USA) (USA) 
phil27-l 0.30 1.00 0.55 0.80 0.40 1.00 0.15 1.00 
phi 127-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi!27-3 0.00 0.00 0.45 0.20 0.00 0.00 0.85 0.00 
phil27-4 0.70 0.00 0.00 0.00 0.60 0.00 0.00 0.00 
phi 127-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phiI27-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phiOSl-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi051-2 0.05 0.00 0.00 0.00 0.50 0.00 0.25 0.00 
phi051-3 0.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi051-4 0.25 1.00 1.00 1.00 0.50 1.00 0.75 1.00 
phi051-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi051-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi 115-1 0.00 0.00 0.00 0.00 0.50 0.90 0.00 0.00 
phil 15-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phillS-3 1.00 1.00 1.00 1.00 0.50 0.10 1.00 1.00 
phi015-l 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 
phi015-2 0.55 0.00 0.20 0.35 0.00 0.00 0.00 0.00 
phi015-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi015-4 0.00 0.25 0.70 0.20 0.30 1.00 0.40 1.00 
phi015-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phiOI5-6 0.45 0.75 0.10 0.40 0.70 0.00 0.60 0.00 
phi033-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi033-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi033-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi033-4 0.85 0.55 0.45 0.00 1.00 1.00 1.00 1.00 
phi033-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi033-6 0.15 0.45 0.55 1.00 0.00 0.00 0.00 0.00 
phi053-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi053-2 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 
phi053-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi053-4 0.89 0.35 0.00 0.00 0.00 0.00 0.00 0.00 
phi053-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi053-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi053-7 0.11 0.65 1.00 1.00 1.00 0.00 1.00 1.00 
phi053-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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phi072-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi072-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi072-3 0.00 0.25 1.00 0.85 0.65 1.00 0.30 1.00 
phi072-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi072-5 0.72 0.05 0.00 0.10 0.15 0.00 0.00 0.00 
phi072-6 0.28 0.70 0.00 0.05 0.20 0.00 0.70 0.00 
phi072-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi093-l 0.72 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi093-2 0.00 0.00 0.00 0.00 0.00 1.00 0.39 0.00 
phi093-3 0.28 1.00 1.00 1.00 0.60 0.00 0.61 0.00 
phi093-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
phi093-5 0.00 0.00 0.00 0.00 0.40 0.00 0.00 0.00 
phi024-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi024-2 1.00 0.85 1.00 1.00 0.30 0.00 0.00 0.00 
pbi024-3 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 
phi024-4 0.00 0.00 0.00 0.00 0.00 1.00 1.00 1.00 
phi024-5 0.00 0.00 0.00 0.00 0.70 0.00 0.00 0.00 
phi024-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi024-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-l 0.00 0.00 1.00 1.00 0.25 0.00 0.00 0.00 
phi085-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
phi085-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-7 0.00 0.00 0.00 0.00 0.12 0.00 0.00 0.00 
phi085-8 1.00 1.00 0.00 0.00 0.63 1.00 1.00 0.00 
phi034-l 0.00 0.35 0.00 0.00 0.00 1.00 0.00 0.00 
phi034-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi034-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi034-4 0.94 0.40 1.00 0.95 0.95 0.00 0.80 0.00 
phi034-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi034-6 0.06 0.25 0.00 0.05 0.05 0.00 0.20 1.00 
phi034-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi034-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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phi!21-l 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
phil21-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil21-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi056-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phiOS6-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi056-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi056-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi056-5 0.30 0.15 0.00 0.00 0.00 1.00 0.20 0.00 
pbi056-6 0.70 0.85 1.00 1.00 1.00 0.00 0.00 0.00 
phi056-7 0.00 0.00 0.00 0.00 0.00 0.00 0.80 1.00 
phi056-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi064-l 0.00 0.00 0.00 0.00 0.35 0.00 0.00 0.00 
phi064-2 0.00 0.00 0.00 0.00 0.10 1.00 0.00 1.00 
phi064-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi064-4 0.00 0.00 0.70 1.00 0.10 0.00 0.35 0.00 
phi064-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi064-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi064-7 0.35 1.00 0.30 0.00 0.45 0.00 0.00 0.00 
phi064-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi064-9 0.00 0.00 0.00 0.00 0.00 0.00 0.65 0.00 
phi064-!0 0.65 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
pbi050-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
ph:0S0-2 1.00 1.00 1.00 1.00 1.00 1.00 0.05 1.00 
phiOSO-3 0.00 0.00 0.00 0.00 0.00 0.00 0.95 0.00 
phi96100-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-8 0.20 0.05 0.05 0.05 0.60 0.05 0.00 1.00 
phi96100-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-10 0.80 0.95 0.95 0.95 0.40 0.95 1.00 0.00 
phi96100-ll 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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phil01249-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi!01249-2 0.83 0.15 0.00 0.00 0.00 1.00 0.00 0.00 
phi101249-3 0.17 0.00 0.00 0.55 0.60 0.00 1.00 0.00 
phi!01249-4 0.00 0.05 0.55 0.40 0.40 0.00 0.00 0.00 
phil01249-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi!01249-6 0.00 0.80 0.45 0.05 0.00 0.00 0.00 1.00 
phil 01249-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil01249-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi!09188-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi!09188-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi109188-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi!09188-4 0.30 0.80 0.00 0.00 0.80 0.00 1.00 0.00 
phil09188-5 0.70 0.20 1.00 1.00 0.20 0.00 0.00 0.00 
phil09188-6 0.00 0.00 0.00 0.00 0.00 1.00 0.00 1.00 
phi!09188-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi109188-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi!09188-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi029-l 0.00 0.00 0.00 0.20 0.00 1.00 0.90 0.00 
phi029-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi029-3 0.50 0.00 0.00 0.05 0.10 0.00 0.00 1.00 
phi029-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi029-5 0.00 0.22 0.00 0.00 0.00 0.00 0.00 0.00 
phi029-6 0.50 0.78 1.00 0.75 0.55 0.00 0.10 0.00 
phi029-7 0.00 0.00 0.00 0.00 0.35 0.00 0.00 0.00 
phi073-l 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 
phi073-2 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi073-3 0.00 1.00 1.00 1.00 0.78 0.00 0.00 0.00 
phi073-4 0.00 0.00 0.00 0.00 0.22 1.00 0.00 1.00 
phi073-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96342-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96342-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96342-3 0.00 0.00 0.45 0.00 0.00 1.00 1.00 1.00 
phi96342-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96342-S 1.00 1.00 0.55 1.00 1.00 0.00 0.00 0.00 
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phi!09275-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi 109275-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi!09275-3 0.50 0.28 0.00 0.20 0.65 0.00 0.00 0.00 
phi!09275-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi!09275-5 0.50 0.72 1.00 0.80 0.35 1.00 1.00 1.00 
phi!09275-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi427913-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi427913-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
ph4i27913-3 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi427913-4 0.00 0.00 0.00 0.00 0.75 0.00 0.00 0.00 
phi427913-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi427913-6 0.95 1.00 1.00 1.00 0.25 1.00 1.00 1.00 
phi427913-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi427913-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi427913-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi2654S4-l 0.50 0.35 0.65 0.65 0.25 0.10 0.15 0.00 
phi2654S4-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi265454-3 0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.00 
phi265454-4 0.50 0.00 0.10 0.25 0.65 0.90 0.00 0.00 
phi265454-5 0.00 0.00 0.00 0.10 0.10 0.00 0.00 0.00 
phi265454-6 0.00 0.00 0.00 0.00 0.00 0.00 0.85 1.00 
phi265454-7 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 
phi265454-8 0.00 0.65 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-2 1.00 1.00 0.75 1.00 1.00 0.00 1.00 0.00 
phi402893-3 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00 
phi402893-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 
phi402893-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-8 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 
phi402893-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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phi346482-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi346482-2 0.00 0.00 0.10 0.00 0.00 0.00 0.00 1.00 
phi346482-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi346482-4 1.00 1.00 0.90 1.00 1.00 1.00 1.00 0.00 
phi346482-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi308090-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi308090-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi308090-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi308090-4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 100 
phi308090-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi330507-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi330507-2 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
phi330507-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi330507-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi330507-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi330507-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi213984-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi213984-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi213984-3 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
phi339017-l 1.00 1.00 1.00 1.00 0.85 1.00 1.00 100 
phi339017-2 0.00 0.00 0.00 0.00 0.15 0.00 0.00 0.00 
phi339017-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil59819-l 0.00 0.00 0.00 0.75 0.00 0.00 0.00 0.00 
phi!59819-2 0.15 0.83 0.70 0.00 0.15 0.00 0.00 1.00 
phil59819-3 0.00 0.11 0.10 0.00 0.00 0.00 0.00 0.00 
phil59819-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi159819-5 0.85 0.06 0.20 0.25 0.85 1.00 1.00 0.00 
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phi 127-1 0.20 0.00 0.45 0.25 0.00 0.80 1.00 0.95 
phil27-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil27-3 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.05 
phi!27-4 0.80 1.00 0.55 0.75 0.95 0.15 0.00 0.00 
phll27-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi 127-6 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 
phiOSl-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi051-2 0.00 0.00 0.40 0.20 0.00 0.05 1.00 0.00 
phi051-3 0.00 0.45 0.40 0.80 0.45 0.05 0.00 1.00 
phiOSl-4 1.00 0.55 0.20 0.00 0.55 0.90 0.00 0.00 
phi051-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phiOSl-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi 115-1 0.70 0.00 0.50 0.50 0.00 0.00 0.00 0.90 
phill5-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phillS-3 0.30 1.00 0.50 0.50 1.00 1.00 1.00 0.10 
phi015-l 1.00 0.00 0.65 0.20 0.00 1.00 1.00 0.05 
phi01S-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi015-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi015-4 0.00 1.00 0.30 0.70 1.00 0.00 0.00 0.95 
phiOlS-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi015-6 0.00 0.00 0.05 0.10 0.00 0.00 0.00 0.00 
phi033-l 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi033-2 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 
phi033-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi033-4 0.75 1.00 1.00 1.00 0.95 1.00 1.00 1.00 
phi033-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi033-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi053-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi053-2 0.00 0.00 0.06 0.00 0.00 0.85 0.00 0.00 
phi053-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.95 
phi053-4 0.35 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi053-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phiOS3-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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phi053-7 0.65 1.00 0.89 1.00 1.00 0.00 1.00 0.05 
phi053-8 0.00 0.00 0.05 0.00 0.00 0.15 0.00 0.00 
phi072-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi072-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi072-3 0.00 0.00 0.30 0.00 0.05 0.20 1.00 0.05 
phi072-4 0.00 0.00 0.00 0.00 0.70 0.00 0.00 0.00 
phi072-5 0.00 1.00 0.20 0.90 0.00 0.05 0.00 0.00 
phi072-6 0.35 0.00 0.00 0.00 0.25 0.00 0.00 0.95 
phi072-7 0.65 0.00 0.50 0.10 0.00 0.75 0.00 0.00 
phi093-l 1.00 0.00 0.75 0.00 0.00 0.50 1.00 0.00 
phi093-2 0.00 0.78 0.00 0.00 0.00 0.00 0.00 0.00 
phi093-3 0.00 0.22 0.25 1.00 0.30 0.40 0.00 1.00 
phi093-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi093-5 0.00 0.00 0.00 0.00 0.70 0.10 0.00 0.00 
phi024-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi024-2 0.00 0.78 0.35 0.65 0.75 0.90 0.90 0.95 
phi024-3 0.65 0.00 0.30 0.15 0.00 0.00 0.00 0.05 
phi024-4 0.30 0.00 0.25 0.00 0.25 0.10 0.10 0.00 
phi024-S 0.05 0.22 0.10 0.20 0.00 0.00 0.00 0.00 
phi024-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi024-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-2 1.00 1.00 0.61 1.00 0.70 0.90 1.00 0.00 
phi085-3 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 
phi085-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-S 0.00 0.00 0.28 0.00 0.00 0.00 0.00 0.05 
phi085-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi085-8 0.00 0.00 0.11 0.00 0.30 0.05 0.00 0.95 
phi034-l 0.05 0.61 0.17 0.00 0.30 0.55 0.00 1.00 
phi034-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi034-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi034-4 0.00 0.00 0.00 0.00 0.20 0.00 0.00 0.00 
phi034-5 0.00 0.00 0.11 0.00 0.00 0.00 1.00 0.00 
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phi034-6 0.95 0.39 0.72 1.00 0.50 0.40 0.00 0.00 
phi034-7 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 
phi034-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil21-l 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
phil21-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil21-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
pbi056-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi056-2 0.05 0.05 0.00 0.00 0.00 0.05 0.00 0.05 
phiOS6-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi056-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi056-5 0.00 0.00 0.40 0.30 0.45 0.20 1.00 0.00 
phi056-6 0.95 0.95 0.60 0.35 0.25 0.75 0.00 0.90 
phi056-7 0.00 0.00 0.00 0.35 0.30 0.00 0.00 0.05 
phi056-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi064-l 1.00 0.95 0.56 0.05 0.15 0.35 0.00 0.05 
phi064-2 0.00 0.00 0.39 0.65 0.65 0.40 0.00 0.95 
phi064-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi064-4 0.00 0.00 0.00 0.30 0.00 0.00 0.00 0.00 
phi064-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi064-6 0.00 0.00 0.00 0.00 0.20 0.00 0.00 0.00 
phi064-7 0.00 0.00 0.05 0.00 0.00 0.00 1.00 0.00 
phi064-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi064-9 0.00 0.05 0.00 0.00 0.00 0.25 0.00 0.00 
phi064-10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phiOSO-l 0.15 0.00 0.30 0.00 0.00 0.00 0.00 0.00 
phiOSO-2 0.85 1.00 0.55 0.00 1.00 1.00 1.00 1.00 
phiOSO-3 0.00 0.00 0.15 1.00 0.00 0.00 0.00 0.00 
phi96100-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-S 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 
phi96100-6 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.15 
phi96100-7 1.00 0.00 0.00 0.00 0.30 0.00 1.00 0.00 
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phi96100-8 0.00 0.00 0.15 0.10 0.00 0.00 0.00 0.80 
phi96100-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96100-10 0.00 1.00 0.80 0.90 0.70 1.00 0.00 0.00 
phi96100-ll 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi!01249-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi!01249-2 0.00 0.00 0.25 0.00 0.00 1.00 0.00 0.00 
phil01249-3 0.00 0.00 0.00 0.00 0.45 0.00 0.00 0.05 
philO1249-4 0.00 0.00 0.55 0.00 0.05 0.00 0.00 0.10 
phi!01249-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil01249-6 1.00 1.00 0.20 1.00 0.35 0.00 1.00 0.00 
phil01249-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi!01249-8 0.00 0.00 0.00 0.00 0.15 0.00 0.00 0.85 
phil09188-l 0.00 0.00 0.35 0.00 0.00 0.00 0.00 0.00 
phil09188-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil09188-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil09188-4 1.00 1.00 0.50 0.85 0.80 0.95 1.00 0.05 
phil09188-5 0.00 0.00 0.15 0.15 0.20 0.05 0.00 0.00 
pbil 09188-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.95 
phil 09188-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil09188-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil09188-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi029-l 1.00 0.00 0.40 0.10 0.00 0.65 0.00 0.00 
phi029-2 0.00 0.00 0.45 0.00 0.00 0.05 0.00 0.00 
phi029-3 0.00 0.00 0.00 0.00 0.00 0.05 1.00 0.05 
phi029-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi029-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi029-6 0.00 1.00 0.15 0.10 1.00 0.25 0.00 0.95 
phi029-7 0.00 0.00 0.00 0.80 0.00 0.00 0.00 0.00 
phi073-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi073-2 0.00 0.00 0.00 0.00 0.67 0.50 0.00 0.95 
phi073-3 0.00 0.00 0.90 0.67 0.33 0.00 0.00 0.00 
phi073-4 1.00 1.00 0.10 0.33 0.00 0.50 1.00 0.05 
phi073-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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phi96342-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
pbi96342-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96342-3 0.40 0.10 0.25 0.00 0.00 0.95 0.00 0.05 
phi96342-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi96342-5 0.60 0.90 0.75 1.00 1.00 0.05 1.00 0.95 
phi109275-1 0.50 0.00 0.60 0.00 0.00 0.80 0.00 0.05 
phil09275-2 0.10 0.90 0.00 0.05 0.05 0.00 0.00 0.00 
phi109275-3 0.40 0.10 0.40 0.90 0.90 0.10 1.00 0.95 
phil09275-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi!09275-5 0.00 0.00 0.00 0.05 0.05 0.10 0.00 0.00 
phil09275-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi427913-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi427913-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
ph4i27913-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 
phi427913-4 0.00 0.00 0.40 0.30 0.00 0.00 0.00 0.00 
phi427913-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi427913-6 1.00 1.00 0.15 0.00 1.00 0.20 1.00 0.45 
phi427913-7 0.00 0.00 0.45 0.70 0.00 0.80 0.00 0.05 
phi427913-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi427913-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi265454-l 1.00 1.00 0.55 1.00 1.00 1.00 1.00 1.00 
phi265454-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi26S454-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi265454-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi265454-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi265454-6 0.00 0.00 0.45 0.00 0.00 0.00 0.00 0.00 
phi265454-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi265454-8 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 
phi402893-l 0.00 0.35 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-2 0.95 0.65 1.00 1.00 1.00 1.00 1.00 1.00 
phi402893-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-5 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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phi402893-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi402893-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi346482-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi346482-2 0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 
phi346482-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi346482-4 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 
phi346482-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi308090-l 0.00 0.00 0.00 0.00 0.50 0.45 0.00 0.00 
phi308090-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi308090-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi308090-4 100 1.00 0.90 1.00 0.50 0.45 1.00 0.00 
phi308090-5 0.00 0.00 0.10 0.00 0.00 0.10 0.00 1.00 
phi330507-l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi330507-2 1.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 
phi330507-3 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 
phi330507-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi330507-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi330507-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi213984-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.90 
phi213984-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phi213984-3 1.00 1.00 1.00 t.00 1.00 1.00 1.00 0.10 
phi339017-l 1.00 1.00 0.60 1.00 1.00 0.05 1.00 0.05 
phi339017-2 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.95 
phi339017-3 0.00 0.00 0.40 0.00 0.00 0.85 0.00 0.00 
phil59819-l 0.00 0.50 0.45 0.00 0.05 0.00 0.00 0.00 
phil 59819-2 1.00 0.50 0.05 0.10 0.75 1.00 1.00 0.05 
phil 59819-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
phil59819-4 0.00 0.00 0.40 0.00 0.00 0.00 0.00 0.00 
pbil59819-5 0.00 0.00 0.10 0.90 0.20 0.00 0.00 0.95 
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Table AlO. Eigenvalues of the correlation matrix derived from 191 SSR alleles evaluated for 56 
popcorn populations. 
Principal Proportion Cumulative 
Component Eigenvalue Difference of Variance Variance 
PCI 16.5546 5.15354 0.088056 0.08806 
PC2 11.4011 1.86084 0.060644 0.14870 
PC3 9.5402 0.90861 0.050746 0.19945 
PC4 8.6316 0.41405 0.045913 0.24536 
PC5 8.2176 0.32125 0.043710 0.28907 
PC6 7.8963 0.46338 0.042002 0.33107 
PC7 7.4329 0.47414 0.039537 0.37061 
PCS 6.9588 0.20550 0.037015 0.40762 
PC9 6.7533 0.94844 0.035922 0.44354 
PC10 5.8049 0.34354 0.030877 0.47442 
PC11 5.4613 0.29445 0.029050 0.50347 
PC12 5.1669 0.22177 0.027483 0.53095 
PC13 4.9451 0.20681 0.026304 0.55726 
PC14 4.7383 0.09019 0.025204 0.58246 
PC15 4.6481 0.13047 0.024724 0.60719 
PC16 4.5176 0.22347 0.024030 0.63122 
PC17 4.2942 0.33395 0.022841 0.65406 
PCI 8 3.9602 0.19099 0.021065 0.67512 
PC19 3.7692 0.24510 0.020049 0.69517 
PC20 3.5241 0.14304 0.018745 0.71392 
PC21 3.3811 0.15248 0.017984 0.73190 
PC22 3.2286 0.04453 0.017173 0.74907 
PC23 3.1840 0.06652 0.016936 0.76601 
PC24 3.1175 0.11970 0.016583 0.78259 
PC25 2.9978 0.21111 0.015946 0.79854 
PC26 2.7867 0.24604 0.014823 0.81336 
PC27 2.5407 0.06117 0.013514 0.82688 
PC28 2.4795 0.04739 0.013189 0.84006 
PC29 2.4321 0.21477 0.012937 0.85300 
PC30 2.2173 0.12674 0.011794 0.86480 
PC31 2.0906 0.08088 0.011120 0.87592 
PC32 2.0097 0.05372 0.010690 0.88661 
PC33 1.9560 0.17509 0.010404 0.89701 
PC34 1.7809 0.02178 0.009473 0.90648 
PC35 1.7591 0.15508 0.009357 0.91584 
PC36 1.6041 0.12801 0.008532 0.92437 
PC37 1.4761 0.06602 0.007851 0.93222 
PC38 1.4100 0.08240 0.007500 0.93972 
PC39 1.3276 0.09380 0.007062 0.94679 
PC40 1.2338 0.02717 0.006563 0.95335 
PC41 1.2067 0.16361 0.006418 0.95977 
PC42 1.0431 0.01432 0.005548 0.96532 
PC43 1.0287 0.03461 0.005472 0.97079 
PC44 0.9941 0.13285 0.005288 0.97608 
PC45 0.8613 0.09462 0.004581 0.98066 
PC46 0.7666 0.03586 0.004078 0.98473 
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Table All. Eigenvectors for the first six principal components derived from 191 SSR alleles 
evaluated for 56 popcorn populations. 
Allele PCI PC2 PC3 PC4 PCS PC6 
phil27-l 0.0924 -0.0760 -0.0179 0.0868 -0.0845 -0.0267 
phi 127-2 0.1109 0.0706 -0.0915 0.0021 0.0740 0.0852 
phil 27-3 -0.0409 0.1125 0.0588 0.0543 0.0952 -0.1226 
phil 27-4 -0.0880 -0.0533 -0.0032 -0.1283 -0.0369 0.1105 
phil 27-5 0.1086 0.0613 -0.1391 -0.0653 0.1398 0.0531 
phil 27-6 0.0062 -0.0230 -0.0001 -0.0640 0.0767 0.0463 
phiOSl-l 0.0449 -0.0017 0.0436 0.0500 0.0092 0.1282 
phi051-2 0.1168 -0.0333 -0.0216 0.0416 -0.0054 0.0111 
phi051-3 0.0532 0.0723 0.0136 -0.1537 -0.1131 -0.0359 
phi051-4 -0.1244 -0.0437 -0.0030 0.1055 0.0958 0.0289 
phiOSl-5 0.0401 0.0341 0.0095 -0.0260 -0.0198 -0.0440 
phi051-6 0.0508 0.0290 0.0415 -0.0296 0.0352 -0.0837 
phil 15-1 -0.0814 0.1028 0.0584 -0.0399 0.0771 -0.0250 
phil 15-2 -0.0277 0.0068 -0.0057 0.0097 0.0096 -0.0106 
phil 15-3 0.0819 -0.1029 -0.0584 0.0397 -0.0773 0.0252 
phi01S-l 0.1107 -0.0621 0.0149 -0.0750 0.0888 0.0159 
phi015-2 0.0313 -0.0098 -0.0516 0.0253 0.0397 -0.0220 
phi015-3 0.0266 -0.0408 0.0271 0.0258 0.0529 0.0343 
phi015-4 -0.1235 0.0629 0.0791 0.0240 -0.0167 0.0998 
phi015-5 0.0540 0.0700 -0.2579 0.1007 -0.0054 0.0041 
phi015-6 0.0197 -0.0425 0.0033 -0.0146 -0.0882 -0.1416 
phi033-l 0.0288 -0.0884 0.0139 -0.0313 0.0537 0.0366 
phi033-2 0.0997 0.0522 -0.0166 -0.0942 0.0575 0.0405 
phi033-3 0.0871 0.0797 -0.2524 0.0773 0.0213 0.0153 
phi033-4 -0.0940 0.0273 0.1414 -0.0494 -0.0119 -0.0229 
phi033-5 0.0928 -0.0263 0.1040 0.1662 0.0450 0.1203 
phi033-6 0.0026 -0.0717 -0.0365 0.0304 -0.0384 -0.0239 
phi053-l -0.0290 0.0614 0.0027 0.0205 0.0096 -0.0155 
phi053-2 -0.0931 0.1601 0.0847 0.0069 0.0496 0.0339 
phi053-3 0.0580 0.0986 -0.0561 -0.0123 -0.2241 0.0039 
phi053-4 0.0271 -0.0829 -0.0279 0.0177 0.0173 -0.1011 
phi053-5 0.0565 -0.0505 0.1058 0.1618 0.0100 0.0656 
phi053-6 0.0924 0.0613 0.0437 0.0832 -0.0549 -0.0109 
phi053-7 0.0295 -0.1682 -0.0406 -0.0383 0.0482 0.0059 
phi053-8 0.0097 -0.0166 -0.0595 0.0004 0.0187 0.0242 
phi072-l 0.0763 0.0330 0.0848 0.0681 0.0173 0.1087 
phi072-2 0.0763 0.0330 0.0848 0.0681 0.0173 0.1087 
phi072-3 0.0122 -0.1395 0.0337 0.0501 -0.1106 -0.0522 
phi072-4 -0.0168 -0.0190 -0.0183 -0.0193 0.0004 0.0276 
phi072-5 -0.1047 0.1425 0.0149 0.0302 0.0948 0.0428 
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Table All. (Continued). 
Allele PCI PC2 PC3 PC4 PCS PC6 
phi072-6 0.0983 0.0210 -0.0426 -0.0327 -0.0601 -0.0697 
phi072-7 0.0472 -0.0580 -0.0408 -0.1297 0.1281 0.1050 
phi093-l -0.0347 -0.0179 0.0474 -0.0900 0.0194 0.0278 
phi093-2 0.0728 -0.0694 0.0357 -0.0275 0.0788 -0.0184 
phi093-3 -0.0555 0.0597 -0.0219 0.0644 -0.0576 -0.0142 
phi093-4 0.0235 -0.0079 0.0039 0.0395 -0.0778 -0.0153 
phi093-5 0.0561 0.0130 -0.0960 0.0315 0.0475 0.0198 
phi024-l 0.0759 -0.0289 0.1249 0.2023 0.0136 0.1479 
phi024-2 -0.1072 0.0045 -0.0013 0.0118 -0.0414 0.0426 
phi024-3 0.0656 0.0515 0.0163 -0.0860 0.0344 0.0618 
phi024-4 0.0858 -0.0854 0.0279 -0.0197 -0.0364 -0.1226 
phi024-5 -0.0472 0.0340 0.0238 0.0306 0.0720 0.0066 
phi024-6 0.0437 -0.0291 0.0418 0.0238 0.0518 0.0339 
phi024-7 0.0386 0.0634 -0.2487 0.1154 -0.0320 -0.0097 
phi08S-l -0.0287 -0.1124 -0.0471 0.0805 0.0018 -0.0469 
phi085-2 0.0384 -0.1416 0.0266 -0.0484 -0.0148 0.1388 
phi085-3 0.0666 0.0098 -0.0487 -0.1197 0.1713 0.0698 
phi08S-4 -0.0182 0.0291 0.0067 -0.0301 -0.0814 -0.0047 
phi08S-5 0.1237 0.0016 0.0041 -0.0295 0.0335 0.0607 
phi08$-6 0.0872 0.0367 -0.0681 -0.1037 0.1634 0.0515 
phi085-7 0.0361 0.0567 -0.2512 0.1168 -0.0312 -0.0129 
phi085-8 -0.0952 0.1523 0.0832 -0.0070 -0.0083 -0.1287 
phi034-l 0.0842 -0.0009 0.0717 -0.0238 -0.1407 0.0503 
phi034-2 0.0872 0.0367 -0.0681 -0.1037 0.1634 0.0515 
phi034-3 0.0266 -0.0433 0.0329 0.0104 0.0139 -0.0995 
phi034-4 -0.0440 -0.1375 -0.0421 0.0897 0.0064 -0.0546 
phi034-5 -0.1360 0.1566 0.0779 0.0065 0.0893 -0.0191 
phi034-6 0.0465 -0.1136 -0.1176 -0.0406 -0.0333 0.0968 
phi034-7 0.1615 0.1077 -0.0095 -0.0410 0.0453 -0.0842 
phi034-8 0.0361 0.0127 0.0447 -0.0342 0.0055 -0.0801 
phil 21-1 -0.0721 -0.0467 -0.0374 0.0504 0.1679 -0.0611 
phi!21-2 0.0534 0.0330 0.0347 -0.0414 -0.1616 0.0881 
phi!21-3 0.0628 0.0452 0.0124 -0.0320 -0.0387 -0.0699 
phi056-l 0.0035 -0.0410 0.0070 0.0322 0.0135 -0.0282 
phi056-2 0.1269 0.0494 0.0383 -0.0631 0.0418 -0.0587 
phi056-3 0.0441 0.0222 -0.0409 0.0036 0.0232 0.0670 
phi056-4 0.1230 0.0394 0.0583 -0.0446 0.1056 -0.0175 
phi056-5 -0.0899 0.1667 0.0490 0.0294 0.0319 0.0533 
phi056-6 -0.0064 -0.2122 -0.0290 -0.0369 -0.0184 -0.0112 
phi056-7 0.0728 -0.0304 0.0518 -0.0047 -0.0511 -0.0164 
piii056-8 0.0248 0.1263 -0.1596 0.0831 -0.0078 -0.0354 
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Table All. (Continued). 
Allele PCI PC2 PC3 PC4 PCS PC6 
phi064-l 0.0057 -0.0981 -0.0171 -0.1112 0.0334 0.0706 
phi064-2 0.0633 -0.0101 0.0270 -0.0769 -0.1606 0.0275 
phi064-3 0.1576 0.0546 0.0528 0.0272 0.0473 0.0904 
phi064-4 -0.0089 -0.1105 0.0048 0.0745 0.0458 -0.0880 
phi064-5 -0.0011 -0.0291 -0.0219 0.0008 -0.0122 0.0539 
phi064-6 0.0024 0.0311 -0.0914 0.0120 0.0042 0.0011 
phi064-7 -0.1097 0.1527 -0.0006 0.0288 0.0319 -0.0245 
phi064-8 0.0651 -0.0214 0.0393 0.0042 0.0019 -0.1731 
phi064-9 0.0682 -0.0857 0.0821 0.1143 0.0345 0.0008 
phi064-10 -0.0241 -0.0299 -0.0365 -0.0461 0.0251 0.0045 
phi050-l 0.0448 -0.0138 0.0048 -0.0994 -0.1165 0.0805 
phi050-2 -0.0283 0.0318 0.0709 0.0601 0.0972 -0.1097 
phi050-3 0.0152 -0.0303 -0.0805 -0.0305 -0.0656 0.0926 
phi96100-l 0.0872 0.0367 -0.0681 -0.1037 0.1634 0.0515 
phi96100-2 0.0386 0.0634 -0.2487 0.1154 -0.0320 -0.0097 
phi96100-3 0.0355 -0.0551 0.0366 0.0225 0.0210 -0.1929 
phi96100-4 0.0855 0.0127 0.0675 0.1428 -0.0165 0.0147 
phi96100-5 0.1213 0.0726 -0.0859 0.0751 -0.0296 -0.1337 
phi96100-6 0.0401 0.0402 0.0371 -0.0927 -0.1476 0.0115 
phi96100-7 0.0345 -0.0516 0.0207 -0.1013 0.0289 -0.0228 
phi96100-8 -0.0322 0.0800 0.0118 -0.0634 -0.1323 0.0627 
phi96100-9 0.0355 -0.0551 0.0366 0.0225 0.0210 -0.1929 
phi96100-10 -0.0991 -0.0918 0.0333 0.0724 0.1306 0.0481 
phi9610Q.il 0.0429 0.0188 0.0045 -0.0258 -0.0345 0.0276 
phil01249-l -0.0177 0.0520 0.0494 0.0558 0.0524 -0.0041 
phil 01249-2 0.0529 0.1392 0.0022 0.0186 0.0732 -0.0640 
phil01249-3 -0.0436 -0.0074 0.0043 0.0365 0.0027 0.0817 
phil01249-4 -0.0036 -0.1362 -0.0134 0.0693 0.0106 -0.1086 
phi 101249-5 0.0813 0.0165 0.0599 -0.0105 0.0424 -0.1010 
phil01249-6 -0.0169 -0.1441 -0.0358 -0.0902 -0.0520 0.0629 
phil01249-7 0.0320 0.0482 0.0099 -0.0203 -0.0169 -0.0466 
phil 01249-8 -0.0089 0.0442 0.0119 -0.0507 -0.1610 -0.0184 
phil09188-l 0.0349 -0.0651 0.0303 0.0269 0.0562 0.0576 
phi 109188-2 0.1011 0.0659 0.0717 0.0255 -0.0203 -0.0954 
phil09188-3 0.1167 0.0428 -0.0096 -0.0573 0.0874 0.0458 
phi109188-4 -0.0967 -0.0424 0.0398 -0.1251 0.0643 -0.0179 
phil09188-5 -0.0207 0.0066 0.0063 0.1343 0.0140 0.0201 
phil09188-6 0.0079 -0.0117 0.0346 -0.0300 -0.1859 0.0200 
phil09188-7 0.1180 0.1066 -0.1632 0.0610 -0.0034 -0.0694 
phil09188-8 0.0511 -0.0303 0.0580 -0.0084 0.0189 -0.1948 
phil09188-9 0.0763 0.0330 0.0848 0.0681 0.0173 0.1087 
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Table Al 1. (Continued). 
Allele PC! PC2 PC3 PC4 PC5 PC6 
phi073-l -0.0739 -0.0113 -0.0205 -0.0162 -0.0133 0.0525 
phi073-2 -0.0902 0.1512 0.0540 -0.0216 -0.0304 -0.0122 
phi073-3 0.0743 -0.1160 -0.1136 0.1395 0.0176 -0.0280 
phi073-4 0.0926 -0.0486 0.0675 -0.0948 0.0293 -0.0084 
phi073-5 0.0571 0.0283 -0.0144 -0.0096 -0.0110 0.0504 
phi96342-l 0.0476 -0.0470 0.0973 0.1899 0.0069 0.1113 
phi96342-2 0.0725 -0.0292 0.0592 -0.0107 0.0126 -0.2182 
phi96342-3 0.0909 0.0759 0.0926 0.0519 0.0395 0.0279 
phi96342-4 0.0522 0.0715 -0.2474 0.1140 -0.0183 0.0079 
phi96342-5 -0.1173 -0.0873 -0.0305 -0.0913 -0.0351 0.0012 
phil09275-l 0.1066 -0.0151 -0.0057 -0.1339 0.0265 -0.0260 
phil09275-2 -0.0094 -0.0544 -0.0203 -0.0569 0.0198 0.0570 
phil09275-3 -0.1307 0.1105 -0.0174 0.0074 0.0367 -0.0040 
phi109275-4 0.0675 0.0556 0.0329 0.0326 -0.0436 -0.1206 
phil09275-5 0.0086 -0.1586 0.0078 0.1106 -0.0296 -0.0003 
phi!09275-6 0.1258 0.0895 0.0321 -0.0367 -0.0550 0.0560 
phi427913-l 0.0986 0.0163 -0.0175 -0.0696 0.1487 0.0514 
phi427913-2 0.1119 0.0232 0.0932 0.0471 0.0319 -0.0351 
phi427913-3 -0.0716 0.1691 0.0620 0.0523 0.0572 -0.0271 
phi427913-4 0.0297 -0.0407 -0.1399 0.0137 0.0308 0.0583 
phi427913-5 0.0966 -0.0047 0.1381 0.1567 0.0302 0.0275 
phi427913-6 -0.0129 -0.1088 -0.0080 -0.0077 -0.1067 -0.0537 
phi427913-7 0.0505 -0.0364 -0.0401 -0.1199 0.0465 0.0949 
phi427913-8 0.0441 0.0222 -0.0409 0.0036 0.0232 0.0670 
phi427913-9 0.0035 -0.0410 0.0070 0.0322 0.0135 -0.0282 
phi265454-l -0.0801 0.0123 -0.0999 -0.0450 -0.0290 0.0099 
phi265454-2 0.1535 0.0658 0.0213 -0.0996 0.0836 -0.0858 
phi265454-3 0.0526 -0.0887 0.0369 0.0640 0.0333 -0.1391 
phi265454-4 -0.1104 0.0215 0.0140 -0.0056 -0.0032 0.0276 
phi265454-5 -0.0087 -0.1103 -0.0280 0.0564 0.0125 -0.1285 
phi2654S4-6 0.1193 -0.0537 0.0956 0.0878 -0.0656 0.0931 
phi265454-7 0.0790 0.0003 -0.0369 -0.0008 0.0784 0.0728 
phi265454-8 -0.0238 0.0234 0.0263 0.0299 0.0332 -0.0425 
phi402893-l 0.0493 -0.0075 0.0167 -0.0479 -0.0887 0.1464 
phi402893-2 -0.0909 -0.0792 -0.0083 -0.1266 0.0931 -0.0529 
phi402893-3 0.0868 -0.0275 0.0747 0.0762 -0.0697 0.1012 
phi402893-4 0.0821 0.0178 0.0559 -0.0056 -0.0163 -0.1219 
phi402893-5 0.0260 -0.0363 0.0236 -0.0777 0.0238 -0.0367 
phi402893-6 -0.0208 0.1092 -0.0511 0.1094 -0.0080 -0.0251 
phi402893-7 0.0761 0.0754 -0.1537 0.0477 -0.0427 -0.0405 
phi402893-8 0.0125 -0.0122 0.0346 0.0140 -0.0348 -0.0059 
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Table All. (Continued). 
Allele PCI PC2 PC3 PC4 PCS PC6 
phi402893-9 0.0809 0.0251 0.0890 0.0703 0.0293 0.1170 
phi346482-l -0.0290 0.0614 0.0027 0.0205 0.0096 -0.0155 
phi346482-2 0.0074 0.0638 -0.0492 0.0202 -0.1241 0.0746 
phi346482-3 -0.0355 0.0869 0.0286 0.0109 -0.0110 -0.0020 
phi346482-4 -0.0059 -0.0719 0.0391 -0.0298 0.1211 -0.0782 
phi346482-5 0.0773 -0.0275 0.1259 0.2018 0.0140 0.1492 
phi308090-l -0.1426 0.1216 0.0454 -0.0197 0.0982 0.0343 
phi308090-2 0.0402 0.0648 -0.0009 0.0616 -0.0523 -0.0507 
phi308090-3 -0.0574 0.0617 0.0312 -0.0309 0.0169 0.0206 
phi308090-4 -0.0122 -0.1820 -0.1152 0.0057 -0.0780 0.0284 
phi308090-5 0.1645 0.0722 0.0849 0.0080 -0.0089 -0.0645 
phi330507-l -0.0565 0.0492 0.0237 -0.0109 0.0134 0.0288 
phi330507-2 -0.1357 -0.0645 -0.0710 0.0904 0.0597 0.0189 
phi330507-3 0.1080 0.0409 0.0515 -0.1068 -0.007S -0.0415 
phi330507-4 0.1162 0.0583 0.0699 -0.0543 -0.1104 0.0373 
phi330507-5 0.0476 -0.0470 0.0973 0.1899 0.0069 0.1113 
phi330507-6 0.0402 0.0648 -0.0009 0.0616 -0.0523 -0.0507 
phi2!3984-l 0.0109 0.0491 0.0164 -0.0921 -0.2425 0.0543 
phi213984-2 -0.0337 0.0007 -0.0259 -0.0202 -0.0616 0.0567 
phi213984-3 -0.0098 -0.0484 -0.0154 0.0913 0.2408 -0.0551 
phi339017-l -0.0780 -0.0270 -0.0497 0.0895 -0.0407 0.0378 
phi339017-2 0.0449 0.0501 0.0713 -0.0380 -0.0585 -0.1054 
phi339017-3 0.0695 -0.0289 -0.0213 -0.1008 0.1622 0.0947 
phil59819-l -0.0523 -0.0402 -0.0957 0.0306 -0.0443 0.0252 
phi159819-2 -0.0278 0.1011 0.0574 0.0378 0.0422 0.0762 
phil59819-3 0.1261 0.0181 0.0031 -0.0958 -0.0271 0.0063 
phil59819-4 -0.0089 -0.0317 -0.0270 -0.0620 0.0328 0.0317 
phil59819-5 0.0195 -0.0816 0.0229 0.0043 -0.0148 -0.1302 
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Table A12. Eigenvalues of the correlation matrix derived from 29 morphological traits. 58 isozyme 
alleles and 191 SSR alleles. 
Principal Proportion of Cumulative Proportion 
Component Eigenvalue Difference Variance Explained of Variance Explained 
PCI 25.6050 4.5914 0.0928 0.0928 
PC2 21.0136 7.5224 0.0761 0.1689 
PC3 13.4912 0.6606 0.0489 0.2178 
PC4 12.8306 0.9506 0.0465 0.2643 
PC5 11.8799 1.7131 0.0430 0.3073 
PC6 10.1668 0.5971 0.0368 0.3442 
PC7 9.5697 0.3765 0.0347 0.3788 
PCS 9.1932 0.1133 0.0333 0.4121 
PC9 9.0798 0.6813 0.0329 0.4450 
PC10 8.3985 0.7751 0.0304 0.4755 
PC11 7.6234 0.2443 0.0276 0.5031 
PC12 7.3791 0.2837 0.0267 0.5298 
PC13 7.0955 0.1674 0.0257 0.5555 
PC14 6.9281 0.3795 0.0251 0.5806 
PC15 6.5486 0.1742 0.0237 0.6044 
PCI 6 6.3744 0.3513 0.0231 0.6275 
PC17 6.0231 0.4068 0.0218 0.6493 
PCI 8 5.6163 0.0894 0.0203 0.6696 
PC19 5.5270 0.3250 0.0200 0.6897 
PC20 5.2020 0.2329 0.0188 0.7085 
PC21 4.9691 0.1890 0.0180 0.7265 
PC22 4.7802 0.3183 0.0173 0.7438 
PC23 4.4619 0.1034 0.0162 0.7600 
PC24 4.3585 0.2578 0.0158 0.7758 
PC25 4.1006 0.0765 0.0149 0.7906 
PC26 4.0242 0.1457 0.0146 0.8052 
PC27 3.8785 0.2969 0.0141 0.8193 
PC28 3.5816 0.1414 0.0130 0.8323 
PC29 3.4402 0.2034 0.0125 0.8447 
PC30 3.2368 0.1322 0.0117 0.8564 
PC31 3.1046 0.2261 0.0112 0.8677 
PC32 2.8785 0.0733 0.0104 0.8781 
PC33 2.8052 0.1279 0.0102 0.8883 
PC34 2.6773 0.1256 0.0097 0.8980 
PC35 2.5518 0.0491 0.0092 0.9072 
PC36 2.5027 0.1759 0.0091 0.9163 
PC37 2.3269 0.2617 0.0084 0.9247 
PC38 2.0652 0.1486 0.0075 0.9322 
PC39 1.9165 0.2040 0.0069 0.9392 
PC40 1.7125 0.0373 0.0062 0.9454 
PC41 1.6753 0.1377 0.0061 0.9514 
PC42 1.5375 0.0855 0.0056 0.9570 
PC43 1.4520 0.0210 0.0053 0.9623 
PC44 1.4310 0.0651 0.0052 0.9674 
PC45 1.3658 0.1672 0.0049 0.9724 
PC46 1.1986 0.0286 0.0043 0.9767 
PC47 1.1701 0.1632 0.0042 0.9810 
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Table AI3. Eigenvectors for the first six principal components derived from 29 morphological traits. 
58 isozyme alleles and 191 SSR alleles evaluated for 56 popcorn populations. 
Trait/Allele PCI PC2 PC3 PC4 PC5 PC6 
Plant height 0.159 -0.033 0.079 0.068 0.026 0.005 
Ear height 0.147 -0.062 0.129 0.023 -0.007 -0.011 
Number of leaves 0.107 -0.119 0.145 -0.004 -0.015 -0.014 
Tillers per plant -0.062 0.151 0.015 -0.063 -0.009 -0.001 
Leaf length 0.148 -0.032 0.031 0.115 0.056 0.013 
Leaf width 0.140 -0.082 0.023 0.107 -0.001 -0.053 
Days to pollen shed 0.088 -0.108 0.160 -0.004 -0.017 0.005 
Days to silk 0.102 -0.089 0.153 0.020 0.005 0.036 
Anthesis-silking interval 0.097 0.021 0.055 0.094 0.080 0.124 
Tassel length 0.106 0.050 -0.039 0.149 0.075 0.033 
Tassel peduncle length 0.013 0.150 -0.064 0.093 0.072 0.038 
Branched part length 0.117 -0.121 0.057 0.037 0.017 0.027 
Central spike length 0.085 0.037 -0.063 0.162 0.059 0.005 
Number of primary branches 0.104 -0.115 0.110 -0.014 -0.039 0.031 
Peduncle length/tassel length -0.073 0.147 -0.051 -0.033 0.016 0.032 
Central spike length/tassel length 0.010 0.006 -0.032 0.095 0.001 -0.060 
Ears per plant -0.057 0.026 0.054 -0.159 -0.068 -0.067 
Ear length 0.119 -0.046 -0.108 0.066 0.027 -0.003 
Ear diameter 0.049 0.066 -0.019 0.171 0.046 -0.104 
Number of kernel rows -0.035 0.042 0.147 0.136 0.022 -0.043 
Ear length/ear diameter 0.088 -0.092 -0.087 -0.030 0.009 0.064 
Kernel length 0.078 0.045 -0.055 0.157 0.019 -0.108 
Kernel width 0.082 0.024 -0.201 -0.011 0.037 -0.029 
Kernel thickness 0.027 -0.039 -0.133 0.122 0.038 0.056 
Number of kernels per 10 g -0.056 0.000 0.147 -0.118 -0.080 0.011 
Kernel length/width -0.028 0.032 0.161 0.150 -0.014 -0.060 
Kernel width/thickness 0.077 0.045 -0.141 -0.091 0.021 -0.064 
Popping expansion -0.131 -0.111 0.040 0.060 -0.009 0.019 
Flake type -0.091 -0.012 0.121 0.006 -0.002 -0.015 
AcpI-2 0.014 -0.095 -0.041 -0.053 -0.051 -0.067 
Acpl-3 -0.021 -0.048 -0.028 0.035 0.021 0.035 
Acpl-4 -0.009 0.130 0.061 0.038 0.040 0.058 
Acpl-6 0.045 -0.004 -0.002 -0.028 0.005 -0.057 
Acp4-1 0.052 0.015 0.031 0.010 -0.043 -0.020 
Acp4-2 -0.082 -0.054 0.053 0.147 0.034 -0.027 
Acp4-3 0.034 0.057 0.008 -0.144 -0.097 -0.049 
Acp4-4 -0.021 -0.007 -0.029 0.013 -0.001 0.028 
Acp4-5 0.063 0.030 -0.081 -0.041 -0.002 -0.026 
Acp4-6 0.035 -0.016 -0.009 -0.019 0.096 0.137 
Adhl-4 0.059 -0.113 -0.047 -0.021 0.014 0.042 
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Table A13. (Continued). 
Allele PCI PC2 PC3 PC4 PC5 PC6 
Adhl-6 -0.059 0.113 0.047 0.021 -0.014 -0.042 
Cat3-Null -0.067 0.059 0.090 0.074 0.031 -0.041 
Cat3-7 0.007 0.006 -0.023 -0.027 -0.012 0.012 
Cat3-9 -0.010 0.091 -0.027 -0.035 -0.051 0.086 
Cati-12 0.063 -0.103 -0.058 -0.037 0.002 -0.012 
Glu 1-Null 0.082 0.030 -0.113 0.059 -0.049 -0.018 
Glul-r 0.048 0.051 -0.018 -0.053 0.093 0.023 
Glul-1 0.034 0.013 -0.009 -0.019 -0.036 -0.007 
Glu 1-2 0.014 0.033 0.003 0.053 0.000 0.050 
Glu 1-2.5 -0.056 0.087 0.001 0.035 0.023 0.000 
Glu 1-6 0.007 0.070 0.017 0.041 0.041 0.000 
Glu 1-7 -0.012 -0.103 0.006 -0.013 -0.089 -0.015 
Glu 1-9 -0.024 -0.032 0.016 0.000 0.024 -0.038 
Glul-10 0.016 0.002 -0.020 -0.019 0.000 0.047 
Gotl-4 0.072 -0.137 -0.079 -0.079 -0.027 0.030 
Gotl-6 -0.072 0.137 0.079 0.079 0.027 -0.030 
Got2-2 0.017 0.014 0.085 0.005 -0.063 0.017 
Got2-4 -0.017 -0.014 -0.085 -0.005 0.063 -0.017 
Got3-4 0.000 0.000 0.000 0.000 0.000 0.000 
Idhl-4 -0.105 0.000 -0.025 0.070 -0.146 0.082 
Idhl-6 0.105 0.000 0.025 -0.070 0.146 -0.082 
Idh2-4 0.024 -0.156 0.032 0.073 -0.008 -0.023 
Idh2-4.2 0.055 -0.014 0.034 -0.100 0.214 -0.049 
Idh2-6 -0.036 0.158 -0.039 -0.049 -0.040 0.033 
Mdhl-Null 0.053 -0.041 0.065 -0.013 -0.051 0.013 
Mdhl-1 0.054 0.058 -0.038 -0.002 -0.009 0.113 
Mdhl-6 -0.081 -0.002 -0.047 0.012 0.062 -0.080 
Mdhl-10.5 0.043 -0.026 0.109 -0.007 -0.087 -0.002 
Mdh2-3 0.060 0.033 0.128 0.020 -0.083 -0.018 
Mdh2-3.5 -0.015 -0.090 -0.055 0.048 0.012 -0.002 
Mdh2-6 -0.041 0.041 -0.069 -0.055 0.064 0.017 
Mdh3-16 -0.111 -0.024 0.022 -0.002 0.046 -0.091 
Mdh3-18 0.111 0.024 -0.022 0.002 -0.046 0.091 
Mdh4-12 -0.042 -0.003 -0.003 0.012 0.021 0.047 
Mdh4-14.5 0.042 0.003 0.003 -0.012 -0.021 -0.047 
Mdh5-12 -0.111 -0.032 0.080 -0.040 0.085 0.043 
Mdh5-15 0.111 0.032 -0.080 0.040 -0.085 -0.043 
Phi 1-2 0.044 0.037 0.003 0.039 -0.005 -0.001 
Phi 1-3 0.086 0.034 -0.116 0.057 -0.049 -0.031 
Phil-4 -0.097 -0.039 0.059 -0.032 0.058 0.021 
Phil-5 0.071 0.023 -0.020 -0.001 -0.052 -0.012 
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Table A13. (Continued). 
Allele PCI PC2 PC3 PC4 PC5 PC6 
Pgdl-1 0.064 0.033 -0.128 0.067 -0.045 -0.029 
Pgdl-2 0.029 0.047 -0.022 0.054 0.041 0.117 
Pgdl-2.8 0.040 0.025 -0.014 0.058 -0.009 0.025 
Pgdl-3.8 -0.035 -0.043 0.037 -0.076 -0.037 -0.123 
Pgdl-7 -0.033 -0.074 -0.014 0.059 0.003 0.039 
Pgd2-5 0.000 0.000 0.000 0.000 0.000 0.000 
phi!27-l 0.025 0.071 0.101 -0.045 -0.010 -0.106 
phil27-2 0.093 0.015 -0.044 -0.032 0.096 0.091 
phi 127-3 0.008 -0.083 0.054 0.066 -0.018 0.065 
phil27-4 -0.061 0.003 -0.136 -0.005 -0.005 0.007 
phil27-5 0.082 0.012 0.033 -0.050 0.079 0.151 
phil27-6 -0.032 0.028 -0.036 -0.102 -0.045 0.054 
phi051-l 0.046 0.040 -0.145 0.038 -0.022 -0.017 
phiOS 1 -2 0.073 0.071 -0.005 0.000 0.022 -0.006 
phi051-3 0.066 -0.025 -0.014 -0.090 -0.043 -0.041 
phiOS 1-4 -0.107 -0.023 0.011 0.078 0.029 0.038 
phi051-5 0.042 0.003 0.003 -0.012 -0.021 -0.047 
phi051-6 0.042 -0.017 0.086 -0.027 -0.064 0.035 
phil 15-1 -0.026 -0.094 -0.041 0.010 -0.035 0.076 
phil 15-2 -0.008 -0.017 0.000 0.024 0.013 0.011 
phil 15-3 0.026 0.095 0.041 -0.011 0.035 -0.076 
phi015-l 0.035 0.075 0.010 -0.135 -0.094 0.067 
phiOl 5-2 0.019 0.023 0.043 0.028 0.041 0.015 
phiOl 5-3 0.015 0.041 0.000 0.060 0.004 0.053 
phiOl 5-4 -0.062 -0.081 -0.100 0.065 -0.008 0.005 
phiOl 5-5 0.049 0.000 0.024 -0.079 0.226 0.012 
phiOl 5-6 0.020 0.020 0.091 0.052 -0.008 -0.089 
phi033-l -0.007 0.071 -0.013 0.008 -0.032 0.047 
phi033-2 0.079 -0.001 0.014 -0.040 -0.015 0.058 
phi033-3 0.073 0.004 0.029 -0.079 0.214 0.038 
phi033-4 -0.068 -0.053 -0.022 -0.028 -0.127 -0.019 
phi033-5 0.056 0.044 -0.002 0.064 -0.013 0.001 
phi033-6 0.001 0.037 0.008 0.080 0.043 -0.031 
phi053-l -0.003 -0.037 -0.004 0.016 0.011 -0.001 





-0.009 -0.094 0.052 -0.149 
phi053-4 -0.003 0.063 0.062 0.051 0.027 0.015 
phi053-5 0.024 0.042 0.013 0.054 -0.017 -0.032 
phi053-6 0.084 0.002 0.007 -0.028 0.009 -0.069 
phi053-7 -0.034 0.126 0.016 -0.019 -0.007 0.051 
phi053-8 0.010 0.022 -0.033 -0.038 0.032 0.018 
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Table A13. (Continued). 
Allele PCI PC2 PC3 PC4 PC5 PC6 
phi072-l 0.064 0.033 -0.128 0.067 -0.045 -0.029 
phi072-2 0.064 0.033 -0.128 0.067 -0.045 -0.029 
phi072-3 -0.027 0.074 0.091 0.062 -0.028 -0.101 
phi072-4 -0.017 0.021 -0.037 -0.036 0.008 0.025 
phi072-5 -0.016 -0.121 -0.091 0.068 0.032 0.072 
phi072-6 0.067 0.023 0.067 -0.089 0.019 -0.041 
phi072-7 -0.018 0.066 -0.065 -0.135 -0.046 0.122 
phi093-l -0.029 -0.030 -0.019 -0.064 -0.101 -0.003 
phi093-2 0.035 0.066 0.032 0.015 -0.036 0.103 
phi093-3 -0.013 -0.048 -0.026 0.076 0.060 -0.059 
phi093-4 -0.010 0.031 0.052 -0.028 0.011 -0.088 
phi093-5 0.041 0.034 -0.005 -0.038 0.099 0.066 
phi024-l 0.042 0.048 -0.061 0.077 -0.018 -0.051 
phi024-2 -0.075 -0.048 -0.037 -0.031 0.000 -0.058 
phi024-3 0.059 -0.012 -0.046 -0.006 -0.023 0.026 
phi024-4 0.028 0.079 0.113 0.009 -0.051 -0.012 
phi024-5 -0.009 -0.029 -0.047 0.051 0.010 0.077 
phi024-6 0.031 0.037 0.011 0.056 -0.016 0.046 
phi024-7 0.036 -0.003 0.025 -0.079 0.221 -0.017 
phi085-l -0.051 0.055 0.073 0.076 0.043 -0.029 
phi085-2 -0.033 0.123 -0.075 -0.101 -0.065 -0.021 
phi085-3 0.018 0.030 -0.010 -0.088 -0.021 0.159 
phi085-4 -0.003 -0.026 -0.003 -0.021 -0.013 -0.042 
phi085-5 0.098 0.049 -0.015 0.010 0.003 0.032 
phi085-6 0.057 0.014 0.022 -0.022 0.016 0.169 
phi085-7 0.034 0.000 0.026 -0.076 0.223 -0.016 
phi085-8 -0.007 -0.156 0.030 0.078 -0.036 0.006 
phi034-l 0.047 0.048 -0.025 -0.059 -0.056 -0.104 
phi034-2 0.057 0.014 0.022 -0.022 0.016 0.169 
phi034-3 0.008 0.028 0.046 0.043 -0.014 0.032 
phi034-4 -0.068 0.073 0.075 0.101 0.051 -0.032 
phi034-5 -0.042 -0.163 -0.019 0.039 -0.042 0.053 
phi034-6 -0.002 0.093 -0.063 -0.061 0.068 0.014 
phi034-7 0.141 -0.006 0.067 -0.069 -0.025 0.028 
phi034-8 0.045 -0.008 0.042 -0.015 -0.071 0.000 
phi 121-1 -0.065 -0.012 0.080 -0.027 0.007 0.145 
phi 121-2 0.048 0.013 -0.090 0.034 0.001 -0.131 
phi 121-3 0.057 0.000 0.019 -0.016 -0.024 -0.057 
phi056-l 0.003 0.032 -0.009 0.032 0.014 0.018 
phi056-2 0.105 0.013 0.037 -0.028 -0.087 0.018 
phi056-3 0.040 0.006 -0.011 -0.001 0.045 0.037 
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Table A13. (Continued). 
Allele PCI PC2 PC3 PC4 PC5 PC6 
phi056-4 0.097 0.021 0.022 0.013 -0.078 0.087 
phi056-5 -0.011 -0.157 -0.050 0.025 0.007 0.013 
phi056-6 -0.061 0.134 -0.001 0.012 0.002 0.015 
phi056-7 0.030 0.058 0.052 -0.022 -0.070 -0.063 
phi056-8 0.046 -0.045 0.023 -0.044 0.154 -0.010 
phi064-l -0.044 0.076 -0.066 -0.114 -0.041 0.038 
phi064-2 0.024 0.045 0.016 -0.101 -0.060 -0.093 
phi064-3 0.135 0.046 -0.065 0.049 -0.034 0.012 
phi064-4 -0.032 0.062 0.065 0.107 0.016 0.041 
phi064-5 0.009 0.024 -0.070 -0.012 0.014 -0.004 
phi064-6 0.013 -0.026 0.024 -0.023 0.064 -0.001 
phi064-7 -0.027 -0.153 0.009 0.036 0.030 -0.004 
phi064-8 0.045 0.015 0.061 0.046 -0.032 0.026 
phi064-9 0.018 0.078 0.000 0.051 -0.023 -0.006 
phi064-10 -0.012 0.009 -0.022 0.006 0.032 0.051 
phi050-l 0.024 0.026 -0.059 -0.026 -0.013 -0.066 
phi050-2 -0.008 -0.040 0.071 0.007 -0.059 0.044 
phi050-3 0.000 0.035 -0.058 0.001 0.070 -0.025 
phi96100-1 0.057 0.014 0.022 -0.022 0.016 0.169 
phi96100-2 0.036 -0.003 0.025 -0.079 0.221 -0.017 
phi96100-3 0.018 0.017 0.064 0.061 -0.027 0.060 
phi96I00-4 0.066 0.018 0.026 -0.004 0.014 -0.042 
phi96100-5 0.111 -0.007 0.080 -0.037 0.072 -0.023 
phi96100-6 0.040 -0.013 -0.022 -0.005 -0.036 -0.096 
phi96100-7 0.011 0.028 0.026 -0.112 -0.105 0.021 
phi96100-8 0.000 -0.064 -0.042 0.005 0.000 -0.085 
phi96100-9 0.018 0.017 0.064 0.061 -0.027 0.060 
phi96100-10 -0.100 0.039 -0.035 0.091 0.011 0.086 
phi96100-11 0.036 -0.005 -0.003 -0.026 0.010 -0.047 
phi 101249-1 0.001 -0.034 -0.031 0.043 -0.003 0.058 
phil01249-2 0.075 -0.045 0.031 0.007 0.024 0.046 
phi 101249-3 -0.017 -0.037 -0.031 0.055 0.018 -0.020 
phi 101249-4 -0.040 0.063 0.061 0.068 0.016 0.023 
phi 101249-5 0.063 0.006 0.074 0.006 -0.065 0.041 
phil01249-6 -0.063 0.094 -0.034 -0.080 -0.028 -0.034 
phi 101249-7 0.040 -0.006 0.002 -0.008 -0.018 -0.046 
phil01249-8 -0.007 -0.034 0.013 -0.084 -0.034 -0.083 
phil09188-l 0.009 0.061 -0.014 0.053 0.000 0.056 
phi 109188-2 0.090 -0.006 0.038 -0.024 -0.047 -0.035 
phil09188-3 0.103 0.030 -0.021 0.011 -0.025 0.089 
phil09188-4 -0.067 -0.024 -0.076 -0.021 -0.072 0.079 
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Table Al3. (Continued). 
Allele PCI PC2 PC3 PC4 PC5 PC6 
phil09188-5 -0.004 -0.009 0.021 0.089 0.041 -0.051 
phi109188-6 -0.025 0.017 0.042 -0.039 -0.042 -0.130 
phil09188-7 0.098 -0.017 0.085 -0.101 0.145 0.009 
phi 109188-8 0.045 0.006 0.076 0.033 -0.070 0.043 
phil09188-9 0.064 0.033 -0.128 0.067 -0.045 -0.029 
phi073-l -0.037 -0.042 -0.045 0.017 0.014 -0.004 
phi073-2 -0.025 -0.118 -0.033 0.020 -0.008 -0.017 
phi073-3 0.021 0.105 0.042 0.034 0.122 0.012 
phi073-4 0.037 0.068 0.038 -0.070 -0.121 0.010 
phi073-5 0.069 0.017 -0.035 0.012 0.004 0.007 
phi96342-l 0.016 0.038 -0.008 0.053 0.001 -0.042 
phi96342-2 0.056 0.005 0.095 0.031 -0.066 0.039 
phi96342-3 0.072 0.017 -0.027 0.046 -0.032 0.000 
phi96342-4 0.048 -0.002 0.021 -0.077 0.224 -0.005 
phi96342-5 -0.094 -0.019 0.005 -0.029 -0.025 -0.003 
phi 109275-1 0.058 0.045 -0.005 -0.100 -0.070 0.037 
phi 109275-2 -0.031 0.047 -0.046 -0.052 0.000 0.025 
phi 109275-3 -0.045 -0.129 -0.040 -0.033 0.015 0.050 
phi 109275-4 0.067 -0.011 0.057 -0.045 -0.006 -0.048 
phi 109275-5 -0.046 0.107 0.082 0.127 0.021 -0.054 
phil09275-6 0.114 0.000 -0.054 0.013 0.017 -0.054 
phi427913-l 0.071 0.032 0.029 0.018 -0.009 0.155 
phi427913-2 0.091 0.030 -0.044 0.068 -0.068 0.007 
phi427913-3 0.001 -0.118 -0.026 0.060 -0.005 0.033 
phi427913-4 0.012 0.051 -0.067 -0.046 0.116 0.064 
phi427913-5 0.064 0.026 0.002 0.058 -0.050 -0.013 
phi427913-6 -0.044 0.042 0.098 0.004 -0.018 -0.103 
phi427913-7 0.023 0.049 -0.086 -0.106 -0.012 0.069 
phi427913-8 0.040 0.006 -0.011 -0.001 0.045 0.037 
phi427913-9 0.003 0.032 -0.009 0.032 0.014 0.018 
phi265454-l -0.063 -0.025 -0.034 -0.117 0.049 -0.013 
phi265454-2 0.128 0.004 0.086 -0.034 -0.070 0.074 
phi265454-3 0.018 0.061 0.065 0.091 -0.006 0.045 
phi265454-4 -0.060 -0.076 -0.021 0.059 0.006 0.000 
phi265454-5 -0.029 0.045 0.066 0.073 0.027 0.021 
phi265454-6 0.063 0.098 -0.027 0.052 -0.038 -0.092 
phi265454-7 0.056 0.043 -0.019 0.031 0.041 0.080 
phi265454-8 -0.007 -0.025 0.024 0.031 -0.007 0.032 
phi402893-l 0.040 0.045 -0.139 -0.001 0.003 -0.066 
phi402893-2 -0.076 -0.010 0.016 -0.012 -0.068 0.106 
phi402893-3 0.053 0.041 -0.006 0.037 0.008 -0.094 
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Table A13. (Continued). 
Allele PCI PC2 PC3 PC4 PC5 PC6 
phi402893-4 0.069 0.005 0.035 0.020 -0.070 -0.024 
phi402893-5 0.009 0.022 0.012 -0.069 -0.083 0.015 
phi402893-6 -0.004 -0.053 0.025 -0.021 0.090 -0.017 
phi402893-7 0.081 0.006 0.011 -0.053 0.117 -0.046 
phi402893-8 0.004 0.021 0.025 0.024 -0.024 -0.019 
phi402893-9 0.066 0.040 -0.124 0.078 -0.044 -0.016 
phi346482-l -0.003 -0.037 -0.004 0.016 0.011 -0.001 
phi346482-2 0.019 -0.052 0.005 -0.071 0.015 -0.116 






phi346482-4 -0.020 0.058 0.000 0.068 -0.015 0.117 
phi346482-5 0.043 0.049 -0.064 0.078 -0.019 -0.051 
phi308090-l -0.058 -0.131 -0.083 0.023 -0.004 0.079 
phi308090-2 0.035 -0.020 0.025 -0.055 0.050 -0.050 
phi308090-3 -0.017 -0.063 -0.043 0.007 -0.012 0.013 
phi308090-4 -0.066 0.116 0.028 -0.020 0.042 -0.080 
phi308090-5 0.136 0.011 0.054 0.005 -0.050 0.015 
phi330507-l -0.020 -0.058 -0.033 0.011 -0.010 0.006 
phi330507-2 -0.121 0.005 -0.036 0.052 0.110 0.067 
phi330507-3 0.094 -0.006 0.069 -0.061 -0.120 -0.011 
phi330507-4 0.108 0.006 -0.042 -0.002 -0.062 -0.119 
phi330507-5 0.016 0.038 -0.008 0.053 0.001 -0.042 
phi330507-6 0.035 -0.020 0.025 -0.055 0.050 -0.050 
phi213984-1 0.025 -0.034 -0.045 -0.021 -0.023 -0.153 
phi213984-2 -0.016 -0.031 -0.026 0.029 0.022 -0.034 
phi213984-3 -0.024 0.034 0.046 0.020 0.023 0.152 
phi339017-l -0.047 -0.007 -0.001 0.054 0.082 -0.081 
phi339017-2 0.048 -0.029 0.026 -0.010 -0.070 -0.003 
phi339017-3 0.010 0.057 -0.038 -0.082 -0.038 0.148 
phi 159819-1 -0.040 -0.001 -0.008 0.021 0.092 -0.024 
phi 159819-2 -0.004 -0.066 -0.042 -0.046 -0.044 -0.029 
phi 159819-3 0.106 0.035 -0.009 0.019 -0.016 -0.006 
phi 159819-4 0.000 0.015 -0.056 -0.027 0.014 0.071 
phil 59819-5 -0.013 0.056 0.087 0.041 -0.024 0.026 
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Passport Data and Associated Information 
White Rice POP 
Passport information: PI-311250. Race: Not assigned. Provenance: Iowa, United States. 
Donated: 04/09/1965 by J.C. Eldredge, Department of Agronomy, Iowa State University. 
Ames, Iowa. Improvement status: Landrace. 
Passport narrative: White kernels and cob, 16 rows. 
Regeneration history1: 
65ncao01—»(49 ears): 65ncai01—*(68 ears): 86ncai01—• (Bulked): 86ncab01 
(87 ears): 86ncai02 
Other information: It was a popular type of popcorn in the 1920 s, having a relatively low 
popping expansion, coarse hulls and coarse-textured popped kernels. The ear is somewhat 
long and yields are relatively high. The kernel is broad with a very sharp pointed crown. This 
popcorn has a wide range of adaptation (Eldredge and Lyerly. 1946). 
No. 1 
Passport information: PI-240318. Race uncertain, possibly Pisankalla. Provenance: Bolivia. 
Donated: 05/27/1957 by E.G. Beinhart. Santa Cruz. Bolivia. Improvement status: Cultivated 
material. 
Regeneration history: 57ncpo01-*(100 seeds planted): 57ncai01—»(54 ears): 74ncai01. 
Other information: Characteristics of the race Pisankalla: Plants are 3 to 5 feet in height, 
with relatively small tassels for the size of the plant. Leaves are narrow at base with small 
auricles and evenly waved edges. Slender ears with 16 or more kernel rows. White, pointed, 
pop kernels and white cobs. This race can be found in Bolivia at elevations ranging from 900 
to 3560 meters, but preferentially at high elevation (Ramirez, et al.. 1960). 
Chihuahua ISO 
Passport information: PI-484424. Race: Palomero. Provenance: Chihuahua. Chihuahua, 
Mexico. Donated: 11/1983 by International Maize & Wheat Improvement Center 
1 The lot numbers are given, preceded by the sample size from which the lot was formed. The lot number in 
bold characters is the one used in this study. 
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(CIMMYT), Lisboa 27 Mexico City, Mexico. Received through NSSL, Ft. Collins, 
Colorado. Improvement status: Cultivated material. 
Regeneration history: 90ncei01 (original seed used)1. 
Other information: Characteristics of this race: Plants are short and produce some tillers. 
The tassels are short, with a thick central rachis and only a few ramifications. The ears are 
short and somewhat conic, with a large number of kernel rows. It has rice-type, pointed 
kernels with a vitreous, white-grayish endosperm. The distribution of this race is restricted to 
high elevations. It is considered one of the oldest races of maize in Mexico and one of the 
progenitors of the race Conico (Wellhausen et al., 1951). 
ARZM 06 073 
Passport information: PI-492073. Race: Pisingallo. Provenance: J. Castelli, Chaco, 
Argentina. Donated: 04/1984 by Estaciôn Experimental Regional 
Agropecuria Anguil. Inst. Nac. de Technologia Agropecuaria; Anguil, La Pampa, 
Argentina. Received through IBPGR, Rome, Italy. Improvement status: Cultivated material. 
Passport narrative: Race Pisingallo. Seeds popcorn type. Local name Pisingallo. 
Regeneration history: 88ncfo01—>(19 ears): 88ncai01. 
Other information: The Pisingallo race has kernels with a hard endosperm that may be of 
different colors (white, red, yellow). This race is cultivated in northwestern Argentina 
(Corcuera and Naranjo, 1994). 
Acoma Pueblo 
Passport information: PI-218140. Race: No race assigned. Provenance: New Mexico, 
United States. Elevation 2073 meters above the sea level. Donated: 06/08/1954 by H.C. 
Cutler; Missouri Botanical Gardens; St. Louis, Missouri. Improvement status: Landrace. 
Passport narrative: Popped dry in pan, but used to be popped in clay pot with no oil. 
Regeneration history: 54ncpo01—»(100 plants): 55ncao01—*(56 ears): 73ncai01. 
1 
"Original seed" does not necessarily imply the seed collected directly from the field, but that means the first 
lot of seed coming from the donor, and sometimes there could be previous undocumented regenerations. 
296 
ARZM13 073 
Passport information: PI-492781. Race: Perla Mediano. Provenance: Solca, La Rioja, 
Argentina. Donated: 04/1984 by Estacion Experimental Regional Agropecuria Anguil. Inst. 
Nac. de Technologia Agropecuaria Anguil, La Pampa, Argentina. Improvement status: 
Cultivated material. 
Passport narrative: Seeds popcorn type. Local name Pisingallo Perlita. 
Regeneration history: 88ncfo01—*(16 ears): 88ncai01 
W-C 990 
Passport information: PI-390552. Race uncertain, possibly race Canguil. Provenance: San 
Roque market, Quito, Ecuador. Latitude: 00 deg. 15 min. South, Longitude: 78 deg. 30 min 
West. Donated: 09/03/1974 by Dr. R. L. Clark 
USDA-ARS Regional Plant Introduction Station, Iowa State University, Ames, Iowa and 
Harold F. Winters, USDA-ARS, Plant Science Research Division, Plant Industry Station, 
Beltsville, Maryland. Improvement status: Cultivated material. 
Passport narrative: Mixed pale purplish-red to white popcorn. Elongated large grain with 
prolonged point. 
Regeneration history: 74ncpo01—*(18 ears): 75ncai01—*(38 ears): 76ncai01 
Other information: Characteristics of the race Canguil: Plants are short, slender and 
ungainly, with 2 or 3 tillers about as tall as the main stalk. The central spike of tassel is 
densely packed with spikelets with few or no lateral branches. Kernels are white and 
imbricated in short, thin, cylindrical ears. This race, which is very similar to the Bolivian race 
Pisankalla is distributed at around a mean elevation of 2260 meters (Timothy et al., 1963). 
Cuzco 31 
Passport information: PI-571899. Race: Confite Puntiagudo. Provenance: Collected in 
1954 from Cuzco, Peru. Latitude: 14 deg. South, Longitude: 071 deg. West, Elevation: 3418 
meters. Donated: 01/18/1990 by Ricardo Sevilla, Universidad Nacional Agraria La Molina, 
Ap. 456, Lima, Peru. Improvement status: Landrace. Part of core collection. 
Regeneration history: 90ncao01 (original seed used). 
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Other information: Characteristics of this race: Short plants, average height 116 cm, highly 
pubescent, variable number of tillers from 0 up to 12, when present they have a similar height 
as the main stalk. Tassels have a long peduncle and a low number of branches. Ears are short 
and a small diameter, cylindrical and slightly tapering at both ends; the average number of 
kernel rows is around 16. Kernels are frequently irregularly disposed, rather long in 
proportion to their width and thickness, and almost always pointed, with white endosperm 
and colorless pericarp. Confite puntiagudo has characteristics of primitiveness, and resembles 
in many respects the Mexican race Palomero Toluqueno. Both have similar plant architecture 
and similar form of the ears and tassels; they have a low chromosome-knob number and both 
have a wide range of adaptability. The area of distribution of Confite Puntiagudo is 
throughout the Andean highlands of Peru, but specially in the southern Andes at elevations 
ranging from 2500 to 3500 meters. It extends beyond the limits of Peru through the Andes of 
Ecuador and Colombia where it is called Imbricado, and into Bolivia and northern Argentina 
where it is called Pisankalla, Pisingallo or Pisincho (Grobman et al., 1961). 
Chapaiote 
Passport information: PI-420245. Race: Chapaiote. Provenance: Rand Berger Farm, La 
Lux near Alamogordo, Otero County. New Mexico, United States. Originally from Sinaloa, 
Mexico. Donated: 12/13/1977 by Gary Nabhan, Department of Plant Science, University of 
Arizona, Tucson, Arizona. Improvement status: Landrace. 
Passport narrative: Dark brown to cream flour type. Plants 1.5 to 2m tall. Ears 10.8cm long 
with 8.6 rows. 
Regeneration history: 78ncpo01—»(17 ears): 78ncai01—»(23 ears): 79ncai01—»(86 ears): 95ncai01 
Unselected Little Red Flint 
Passport information: This is not an accession held at the National Plant Germplasm 
System, but it is a breeding line from the Popcorn Breeding Program at Iowa State 
University. It is a flint com population. Its more conspicuous characteristic is the deep orange 
or slightly redish color of its kernels. The exact origin is not clear, but it probably comes 
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from "Cuarentine", a type of maize with small kernels and small ears found in Uruguay 
(Kenneth Ziegler, personal communication). 
Little Red Flint 
Passport information: This is not an accession held at the National Plant Germplasm 
System, but it is a breeding line of the Popcorn Breeding Program at Iowa State University. It 
is a selected population from the original version of Unselected Little Red Flint representing 
7 cycles of mass selection for improved popping expansion (Kenneth Ziegler, personal 
communication). 
PG No. 10 
Passport information: PI-303850. Race uncertain, possibly Curagua. Provenance: Chile. 
Donated: 03/15/1962 by N.P. Neal, Department of Agronomy, University of Wisconsin, 
Madison, Wisconsin. Improvement status: Cultivated material. 
Passport narrative: Red flint. 
Regeneration history: 62ncao01—»(35 ears): 64ncai01—»(53 ears): SOncaiOl 
Uruguay 633 
Passport information: PI-511635. Race: Cateto Sulino. Provenance: Uruguay. Donated: 
08/03/1987 by International Maize & Wheat Improvement Center (CIMMYT), Apdo. Postal 
6-641, Lisboa 27, Mexico City, Federal District, Mexico. Received through Pioneer Hi-Bred 
International, Inc., Dept. of Com Breeding, Homestead, Florida. Improvement status: 
Cultivated material. 
Regeneration history: 98ncei01 (original seed used). 
Other information: Characteristics of this race: Plants are short and relatively early-
flowering with low ears and a low ear height-plant height ratio. Tassels are of average 
dimensions but they have a relatively long peduncle. The ears have an average length of 
about 12.5 cm and the kernels are flinty, with intense orange color. Cateto is a generic name 
used for the whole group of yellow to orange flint corns present in Brazil and the lowland 
areas of the La Plata region in Argentina and Uruguay. Cateto Sulino is an old type of flint 
299 
com which was presumably grown by the Indian inhabitants from the southern Atlantic 
coastal area from Brazil to Argentina (Patemiani and Goodman, 1973). 
ARZM 04 014 
Passport information: PI-491812. Race Perlita. Provenance: Ista Cora, Corrientes, 
Argentina. Donated: 04/1984 by Estacion Experimental Regional 
Agropecuria Anguil. Inst. Nac. de Technologia Agropecuaria, Anguil, La Pampa, Argentina. 
Received through IBPGR, Rome, Italy. Improvement status: Cultivated material. 
Passport narrative: Race Perlita. Seeds popcorn type. 
Regeneration history: 88ncfo01—>(39 ears): 88ncai01 
Nebraska Supergold x Tom Thumb 
Passport information: Ames-14285. Race: Not assigned. Provenance: Nebraska, United 
States. Donated: 10/03/1990. Improvement status: Breeding material. 
Regeneration history: 90ncao01—»(71 ears): 90ncei01 
Brazil 2785 
Passport information: PI-490813. Race: Avati Pichingâ. Provenance: Brazil. Donated: 
08/1984 by International Maize & Wheat Improvement Center (CIMMYT), Apdo. Postal 6-
641, Lisboa 27, Mexico City, Federal District, Mexico. Received through Pioneer Hi-Bred 
International, Inc., Dept. of Corn Breeding, Homestead, Florida. Improvement status: 
Cultivated material. 
Regeneration history: 98ncei01 (original seed used) 
Other information: Characteristics of this race: This race has relatively large ears, and hard, 
highly pointed, imbricated kernels, borne in widely spaced rows. Kernels are generally 
completely white in color. This popcorn is apparently related to Pisankalla of Bolivia. In the 
1970s this type of popcorn was rarely found (Patemiani and Goodman, 1977). 
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Pichinea Rcdondo I 
Passport information: PI-472117. Race: Pichinga. Provenance: Paraguay. Donated: 
04/1982 by Institute Agronômico Nacional, Servicio Técnico Inter-Americano de 
Cooperaciôn Agricola, Caacupe, Cordillera, Paraguay. Received through IBPGR/FAO. 
Rome and IICA, Asuncion, Paraguay. Improvement status: Landrace. 
Passport narrative: Racial composite sample. 
Regeneration history: 94ncfo01 (original seed used) 
Brazil 2823 
Passport information: PI-503889. Race: Avati Pichingâ. Provenance: Brazil. Donated: 
07/1986 by International Maize & Wheat Improvement Center (CIMMYT). Apdo. Postal 6-
641, Lisboa 27, Mexico City, Federal District. Mexico. Received through Pioneer Hi-Bred 
International, Inc., Dept. of Com Breeding, Homestead. Florida. Improvement status: 
Cultivated material. 
Regeneration history: 98ncei01 (original seed used) 
Maiz Chapaiote 
Passport information: PI-217409. Race: Chapaiote. Provenance: Mexico. Donated: 
05/04/1954 by USDA. ARS. NCRPIS (NC7), Iowa State University. Ames. Iowa. 
Improvement status: Cultivated material. 
Regeneration history: 86ncab01—»(48 selfed ears): 87ncei01—»(Bulked): 87ncab01 
^(56 selfed ears): 87ncei02^ 
Other information: Characteristics of this race: Plants of medium height, producing tillers. 
The tassels are short, with a low to a medium number of ramifications. Ears are short and the 
number of kernel rows is around 12. The kernels are relatively small with a vitreous, white 
endosperm, similar to Reventador; the aleurone layer is colorless and the pericarp normally 
brown. This race is distributed along the coastal plain in the states of Sinaloa and Sonora in 
northwestern Mexico. It easily adapts to a wide range of elevations, but it grows better at 
lower elevations. It is considered to be one of the oldest races of Mexico and the direct 
progenitor of the race Reventador (Wellhausen et al.. 1951). 
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CHZM 07 097 
Passport information: PI-477471. Race: Curagua. Provenance: Maule, Province Talca. 
Chile on 06/03/1982. Donated: 03/1983 by Orlando Paratori, Estacion Experimental La 
Platina, Santa Rosa 11610, Parad. 33. Santiago, Chile. Received through IBPGR/FAO & R. 
Sevilla P., IICA, Asuncion, Paraguay. Improvement status: Cultivated material. It is a typical 
collection of that race. 
Regeneration history: The original collection consisted in only 8 ears. 
NSSL181186 0 ...... (Bulked): 90ncab01 
Other information: Characteristics of this race: Small kemeled. long eared popcorns. 
similar to the race Pira from Colombia and Pororo from Bolivia. Kernels are round or pointed 
with a white or yellow endosperm, and frequently a red pericarp. The kernel row number 
varies from 14 to 18. The cob is mostly white. Plants are 6-7 feet high and present some 
tassel condensation. This race is distributed at elevations between 500 and 800 meters in 
central Chile (Timothy et al., 1961). 
Nebraska Yellow Pearl 
Passport information: Ames-14287. Race not assigned. Provenance: Nebraska. United 
States. Donated: 10/03/1990 by USDA, ARS. NCRPIS (NC7). Iowa State University. Ames. 
Iowa. Improvement status: Breeding material. 
Regeneration history: 90ncao01—»(141 ears): 90ncei01 
IOPOP 12 
Passport information: Ames-24574. Race: Not assigned. Provenance: Developed at Iowa 
State University, Ames Iowa. Donated: 05/19/1988 by McHone Seed Company. Inc. 3801 
West 190th Street. Ames. Iowa 50014. Improvement status: Three-way hybrid cultivar. 
Passport narrative: The cross between popcorn inbreds IDS91 and IDS69 produces a single 
cross hybrid, which when crossed with IDS28. will produce Iopop 12. 
1 It was not a regeneration, only sampling 
(74 kernels'): 90ncfo01—»(74 seeds): 90ncai01—»(16 ears) 
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Regeneration history: 98ncao01 (original seed used). 
Other information: Iopop 12 is a dent sterile yellow hybrid, originally released in 1961 by 
Iowa State University as Exp. Iowa 3595, and designated Iopop 12 in 1965 after four years of 
use and acceptance by the popcorn industry. The interest in Iopop 12 was increased in 1970 
because of the southern com leaf blight problem, since one of the parental inbreds, IDS91, is 
blight tolerant (Kenneth Ziegler, personal communication). 
Yellow Pearl Pop 
Passport information: PI-311254. Race: Not assigned. Provenance: Developed at 
Crackeijack Popcorn Company in the United States. Donated: 04/09/1965 by J.C. Eldredge, 
Department of Agronomy, Iowa State University, Ames, Iowa. Improvement status: 
Landrace. 
Passport narrative: Yellow kernels, white cob, 14 to 16 rows. 
Regeneration history: 65ncao01—>(55 ears): 65ncai01 
Other information: Although Yellow Pearl is a generic name applied to many yellow 
varieties with pearl-type kernels, it has also been applied to a distinct variety. The ear is 
pointed and has a medium length. The popping expansion is medium and the flakes relatively 
free from coarse hulls. The variety grows well in northern Iowa (Eldredge and Lyerly, 1946). 
IDS91 
Passport information: Ames-24577. Race: Not race. Provenance: Developed at Iowa State 
University in Ames, Iowa. Donated: 05/20/1998 by Committee for Agricultural 
Development, Iowa State University, 117 Curtiss Hall, Ames, Iowa. Received through 
Amalio Santacruz-Varela. Improvement status: Breeding material, highly inbred. 
Passport narrative: Pedigree: South American. The cross between popcorn inbreds IDS91 
and LDS69 produces a single cross hybrid, which when crossed with IDS28, will produce 
Iopop 12. 
Regeneration history: 98ncao01 (original seed used). 
Other information: This is an inbred line with sterility to dent pollen, released on May 25, 
1971. The inbred was developed by Dr. J.C. Eldredge through selfing and selection from a 
303 
South American type popcorn. This inbred does not carry T cytoplasm and is tolerant to 
southern com leaf blight (Kenneth Ziegler, personal communication). 
Ohio Yellow 
Passport information: Ames-14279. Race: Not assigned. Provenance: Indiana, United 
States. Donated: 10/03/1990 by USDA, ARS, NCRPIS (NC7), 
Iowa State University, Ames, Iowa. Improvement status: Landrace. Part of core collection. 
Regeneration history: 90ncao01 (original seed used); however, a previous regeneration 
(220 ears) is documented at Purdue by B. Ashman. 
South American Pop 
Passport information: Ames 14281. Race: Not assigned. Provenance: United States. 
Donated: 10/03/1990 by USDA, ARS, NCRPIS (NC7), 
Iowa State University, Ames, Iowa. Improvement status: Landrace. 
Regeneration history: 90ncao01 (original seed used); however, a previous regeneration 
(110 ears) is documented at Purdue by B. Ashman. 
Other information: It is a yellow-pearl type popcorn first grown around Kansas City in the 
1930s. Originally it was supposed to have come from Argentina, but its origin is not well 
documented. The ears have a medium length and the kernels are very large and rounded. The 
flakes are very large, with heavy hulls and a distinctive flavor. It is a late variety, best 
adapted to Kansas and Missouri (Eldredge and Lyerly, 1946). 
Red Pop 
Passport information: Ames-14280. Race: Not assigned. Provenance: Indiana, United 
States. Donated: 10/03/1990 by USDA, ARS, NCRPIS (NC7), Iowa State University, Ames, 
Iowa. Improvement status: Landrace. 
Regeneration history: 90ncao01 (original seed used); however, a previous regeneration 
(145 ears) is documented at Purdue by B. Ashman. Upon reception of the seed at NCRPIS, 
off color and sweet kernels were discarded. 
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IDS69 
Passport Information: Ames-24576. Race: Not assigned. Provenance: Developed at Iowa 
State University in Ames, Iowa, United States. Donated: 05/20/1998 by Committee for 
Agricultural Development, Iowa State University, 117 Curtiss Hall, Ames, Iowa. Received 
through Amalio Santacruz-Varela. Improvement status: Breeding material, highly inbred. 
Passport narrative: Pedigree: South American. The cross between popcorn inbreds IDS91 
and IDS69 produces a single cross hybrid, which when crossed with IDS28, will produce 
Iopop 12. 
Regeneration history: 98ncao01 (original seed used). 
Other information: IDS69 is a dent sterile inbred, derived from the same parental 
population of South American Popcorn from which IDS91 was developed, so both inbred 
lines IDS69 and IDS91 are related (Kenneth Ziegler, personal comunication). 
IDS28 
Passport information: Ames-24575 Race: Not assigned. Provenance: Developed at Iowa 
State University in Ames, Iowa, United States. Donated: 05/20/1998 by Committee for 
Agricultural Development, Iowa State University, 117 Curtiss Hall, Ames, Iowa. Received 
through Amalio Santacruz-Varela. Improvement status: Breeding material, highly inbred. 
Passport narrative: Pedigree: Yellow Pearl. The cross between inbreds IDS91 and IDS69 
produces a single cross hybrid, which when crossed with IDS28, will produce Iopop 12. 
Regeneration history: 98ncao01 (original seed used). 
Other information: There is no precise information about the genetic background of the 
dent sterile IDS28 inbred line, but probably it was selfed out of a Yellow Pearl popcorn 
population (Kenneth Ziegler, personal communication). 
Supergold 
Passport information: Ames-14283. Race: Not assigned. Provenance: Indiana, United 
States. Donated: 10/03/1990 by USDA, ARS, NCRPIS (NC7), Iowa State University, Ames, 
Iowa. Improvement status: Landrace. 
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Regeneration history: 90ncao01 (original seed used); however, a previous regeneration 
(133 ears) is documented at Purdue by B. Ashman. 
Other information: The original Supergold was introduced by the Kansas Experiment 
Station and was developed by ear-to-row selection for popping expansion. The ear in 
Supergold is slightly less pointed than it is in Yellow Pearl, but the kernels are larger with a 
deep yellow color. The popping expansion is high and the flakes are relatively free from 
coarse hulls (Eldredge and Lyerly, 1946). 
Supergold Popcorn 
Passport information: Ames-21962. Race: Not assigned. Provenance: Illinois. United 
States. Donated: 03/04/1994 by Dr. Marty Sachs. USDA. ARS - Plant Physiology and 
Genetics Research Unit (GSZE), Maize Genetics Cooperation - Stock Center (GSZE). 
University of Illinois, Department of Agronomy, Urbana. Illinois. Improvement status: 
Landrace. 
Regeneration history: Four original packets from Illinois Maize Genetic Stock Center: 
94ncao01-*(50 seeds planted):. 
94ncao02—»(50 seeds planted):—«(Bulked): 96ncab01—»(7 ears): 96ncai01 
94ncao03-+(50 seeds planted): y/ 
94ncao04—*(50 seeds planted): 
Sg 1533 
Passport information: PI-587132. Race: Not assigned. Provenance: Developed by R.Bruce 
Ashman, at Purdue University in Indiana. United States. Donated: 11/09/1992 by Bruce 
Ashman, Purdue University. Dept of Botany & Plant Pathology, West Lafayette. Indiana. 
Improvement status: Breeding material, highly inbred. Part of core collection. 
Regeneration history: 92ncao01—»(159 ears): 94ncai01 
HP 301 
Passport information: PI-587131. Race: Not assigned. Provenance: Developed by Bruce 
Ashman, at Purdue University in Indiana. United States. Donated: 11/09/1992 by Bruce 
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Ashman, Purdue University, Dept of Botany & Plant Pathology, West Lafayette, Indiana. 
Improvement status: Breeding material, highly inbred. Part of core collection. 
Regeneration history: 92ncao01—*(290 ears): 94ncai01 
Amber Pearl 
Passport information: Ames-14274. Race: Not assigned. Provenance: Indiana, United 
States. Donated: 10/03/1990 by USDA, ARS, NCRPIS (NC7), Iowa State University, Ames, 
Iowa. Improvement status: Landrace. 
Regeneration history: 90ncao01 (original seed used); however, a previous regeneration 
(121 ears) is documented at Purdue by B. Ashman. 
Chapaiote 
Passport information: NSL-2833. Race: Chapaiote. Provenance: Mexico. Donated: 1959 by 
Oficina de Estudios Especiales, Mexico City, Federal District, Mexico. 
Regeneration history: 94ncfo01 (original seed used). 
Maiz Reventador 
Passport information: PI-420244. Race: Reventador. Provenance: Ures, Sonora. Mexico; in 
Floodplain fields, Sonoran Desert, Latitude: 29 deg. 26 min. North, Longitude: 110 deg. 24 
min. West. Donated: 13/12/1977 by Gary Nabhan, Department of Plant Science, University 
of Arizona, Tucson, Arizona. Improvement status: Landrace. 
Passport narrative: Yellow flint. Ears 17.2 cm with 18 rows. Used for pinole and popping. 
Regeneration history: 78ncpo01—*(25 ears): 79ncai01-*(30 ears): 95ncai01 
Other information: Characteristics of this race: It has a relatively short plant with a medium 
number of tillers. The tassels are long with only a few ramifications. The ears are long and 
slender, with the number of kernel rows around 12. The distribution of this race in Mexico is 
along the coastal plain in the states of Sonora and Sinaloa, and it continues southward 
through the states of Nayarit, Jalisco, Michoacân and Guerrero. It is used exclusively as 
popcorn and for the production of pinole, but not for tortillas. Reventador is a race closely 
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related to Chapaiote, as demonstrated by their morphological and cytogenetic similarity 
(Wellhausen et al, 1951). 
Chihuahua 129 
Passport information: PI-484404. Race: Cristalino de Chihuahua. Provenance: Chihuahua, 
Chihuahua, Mexico. Donated: 11/1983 by International Maize & Wheat Improvement Center 
(CIMMYT), Apdo. Postal 6-641, Lisboa 27, Mexico City, Federal District, Mexico 06600. 
Received through NSSL, Ft. Collins, Colorado. Improvement status: Landrace. 
Regeneration history: 92ncei01 (original seed used). 
Other information: Characteristics of this race: Cristalino de Chihuahua is a race with small 
plants, 122-140 cm in height, 50-55 days to flowering, tassels with only a few branches, long 
and slender ears and round kernels. Its distribution is restricted to high elevations of 
northwestern Mexico, predominantly in the states of Chihuahua, Sonora, Durango and Jalisco 
(Sanchez G. and Goodman, 1992). 
Fairfax Brown 
Passport information: PI-213756. Race: Not assigned. Provenance: Osage tribe, Oklahoma, 
United States. Donated: 03/03/1954 by Pioneer Hi-Bred International, Johnston, Iowa. 
Improvement status: Landrace. 
Passport narrative: Seeds brown. Flint type. 
Regeneration history: 54ncpo0l—»(100 plants): 54ncai01—*(105 ears): SlncaiOl 
Other information: Fairfax Brown has a poor genetic variability. It has undergone 
inbreeding and selection and should be assigned to the South Western racial group of maize 
(Gonzâlez-Ugalde, 1997). 
Tama Flint 
Passport information: PI-217411. Race: Northeastern North American Flints & Flours. 
Provenance: Iowa, United States. Donated: 05/04/1954 by USDA, ARS, NCRPIS (NC7), 
Iowa State University, Ames, Iowa. Improvement status: Landrace. 






54ncpo01—>(25 plants): 54ncai01—»(66 ears): 81 ncaoO 1 ^ 88ncai04—*(Bulked): 88ncab01 
\ SSncaiOS^y 
»8ncai06 
Other information: A flint variety from the Sac and Fox ethnic groups from Iowa. Slightly 
mixed with Great Plains maize (Gonzâlez-Ugalde. 1997). 
B73 x Mol7 
Passport information: Ames-19097. Race: Corn Belt Dents. Provenance: Iowa. United 
Utates. Donated: 05/05/1992 by USDA, ARS, NCRPIS (NC7), Iowa State University, Ames, 
Iowa. Improvement status: Breeding material. Single-cross hybrid. 
Passport narrative: Developed from the cross between inbred lines B73 and Mo 17. 
Regeneration history: 92ncai02 
White Rice 
Passport information: Ames-14284. Race: No race assigned. Provenance: Indiana, United 
States. Donated: 10/03/90 by USDA. ARS, NCRPIS (NC7), Iowa State University. Ames. 
Iowa. Improvement status: Landrace. 
Regeneration history: 90ncao01 (original seed used): however, a previous regeneration 
(150 ears) is documented at Purdue by B. Ashman. 
Japanese Hulless 
Passport information: Ames-14277. Race: Not assigned. Provenance: Indiana, United 
States. Donated: 10/03/90 by USDA, ARS. NCRPIS (NC7). Iowa State University, Ames. 
Iowa. Improvement status: Landrace. 
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Regeneration history: 90ncao01 (original seed used); however, a previous regeneration (76 
ears) is documented at Purdue by B. Ashman. Upon reception of the seed at NCRPIS, yellow 
dent kernels were discarded. 
Other information: This variety has a short ear with slender, white shoepeg-type kernels. 
The popping expansion is good as is the quality of the flakes, which are relatively free from 
hulls. This is a relatively early variety, best adapted to the northern part of the Com Belt, 
from Central Iowa north (Eldredge and Lyerly, 1946). 
Illinois Hulless 
Passport information: NSL-5780. Race: Not assigned. Provenance: Illinois, United States. 
Donated: 1961 by Vaughan-Jacklin Corporation, Downers Grove, Illinois. Improvement 
status: Landrace. 
Passport narrative: 100 days, donor indicates "the finest quality popcorn available". The 
kernels pop to over 35 times their original size and are a snowy white color completely 
without hulls. 
Regeneration history: 94ncfo01—»(70 ears): 95ncai01 
Golden Australian Hulless 
Passport information: PI-452063. Race: Not assigned. Provenance: Developed by E.H. 
Strubbe at Alberta, Minnesota. Donated: Seeds originally obtained in early 1930s from 
Burgess Seed Co., Galesburg, Michigan. Improvement status: Landrace. 
Passport narrative: Yellow popcorn. Cobs up to 7 cm, white. 
Regeneration history: 77ncao01—»(no information on sample size): 82ncai01 
Pinky Popcorn 
Passport information: PI-452064. Race: Not assigned. Provenance: Developed by E.H. 
Strubbe at Alberta, Minnesota. Donated: Variety developed in 1930s and originally obtained 
from O.H. Will Seed Co., Bismarck, ND. Improvement status: Landrace. 
Passport narrative: Pink popcorn. Cobs up to 10 cm long, white. 
Regeneration history: 77ncao01-+(66 ears): 79ncai01 
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Black Beauty 
Passport information: Ames-14276. Race: Not assigned. Provenance: Indiana. United 
States. Donated: 10/03/1990 by USDA, ARS, NCRPIS (NC7), Iowa State University. 
Regional Plant Introduction Station, Ames, Iowa. Improvement status: Landrace. 
Regeneration history: 90ncao01 (original seed used); however, a previous regeneration 
(120 ears) is documented at Purdue by B. Ashman. 
Bearclaw 
Passport information: Ames-7998. Race: Not assigned. Provenance: Ohio, United States. 
Donated: 10/05/1986 by USDA, ARS, NCRPIS (NC7), Iowa State University, Ames. Iowa. 
Improvement status: Landrace. 
Regeneration history: 
86ncaio01—»(no information on sample size): 89ncai01 
86ncaio02—»(no information on sample size): 89ncai02 
86ncaio03—»(no information on sample size): 89ncai03 
86ncaio04—>(no information on sample size): 89ncai04 > (Bulked): 89ncab01 
86ncaio05—»(no information on sample size): 89ncai05 
86ncaio06—»(no information on sample size): 89ncai06 
86ncaio07-*(no information on sample size): 89ncai07 yZ 
86ncaio08—»(no information on sample size): 89ncai08 
R-Strawberrv Open Pollinated 
Passport information: PI-340840. Race: Not assigned. Provenance: Iowa. United States. 
Donated: 02/13/1960 by J.C. Eldredge, Department of Agronomy, Iowa State University. 
Ames, Iowa. Improvement status: Landrace. 
Regeneration history: 68ncao01—»(26 ears): 68ncai01—>(39 ears): SOncaiOl 
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North Dakota Tom Thumb Bulk 9 
Passport information: PI-269757. Race: Not assigned. Provenance: Developed at North 
Dakota, United States. Donated: 11/23/1960 by Dr. William Wiidakas from the variety 
collection held at the Agriculture Experiment Station. North Dakota State University. Fargo. 
North Dakota. Improvement status: Breeding material. 
Passport narrative: Pedigree: Bulk of Tom Thumb varieties. 
Regeneration history: 60ncei01 (original seed used). 
Black Beauty 
Passport information: PI-317680. Race: Not assigned. Provenance: South Dakota. United 
States. Donated: 01/25/1960 by J. Curtis. Agricultural Experiment Station. Vermillion. South 
Dakota. Improvement status: Landrace. Accession backed up at second site. 
Regeneration history: 66ncao01—>(35 ears): 66ncai01—»(61 ears): 77ncai01 
Carnival 
Passport information: PI-219873. Race: No race assigned. Provenance: Developed by A.F. 
Yeager, New Hampshire. United States. Donated: 07/14/1954 by Dr. William Wiidakas from 
the variety collection held at the Agriculture Experiment Station, North Dakota State 
University, Fargo, North Dakota. Improvement status: Landrace. 
Passport narrative: Mixed color popcorn. 
Regeneration history: 
(18 ears: 11 selfs, 7 sibs): 86ncaiOl^ 
71ncei01^(47 selfed ears): 86ncai02 * (Bulked): 86ncab01 
\ 7* (34 ears: 28 selfs. 6 sibs): 86ncai03 
Black Beauty 
Passport information: PI-452061. Race: Not assigned. Provenance: Minnesota. United 
States. Donated: 04/18/1977 by USDA, ARS, NCRPIS (NC7). Iowa State University. Ames. 
Iowa. Improvement status: Landrace. 
Passport narrative: Black popcorn. Cobs up to 12cm long. Garden favorite around 1920s. 
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Regeneration history: 77ncpo01—>(28 ears): SOncaiOl—>(133 selfed ears'): 82ncai01 
Spanish Pop 
Passport information: PI-311249. Race: Not assigned. Provenance: United States. Donated: 
04/09/1965 by J.C. Eldredge, Department of Agronomy, Iowa State University, Ames, Iowa. 
Improvement status: Landrace. Part of core collection. 
Passport narrative: Eight row white flint. 
Regeneration history: 65ncaio01—>(38 ears): 65ncai01—>(73 ears): SOncaiOl 
Other information: This variety produces a white-pearl type and large kernels. The ears are 
slender with a medium length, and they are borne close to the ground. It has a very poor 
popping expansion and the flakes have very heavy hulls. This is an extremely early variety, 
which should be harvested early to avoid ear damage (Eldredge and Lyerly, 1946). 
Tom Thumb Pop 
Passport information: PI-213701. Race: Not assigned. Provenance: Originally collected 
from Canada. Donated: 03/03/1954 by Pioneer Hi-Bred International, Inc., Johnston, Iowa. 
Improvement status: Landrace. 
Passport narrative: Open-pollinated variety. Seeds yellow pop. 
Regeneration history: 54ncpo01—>(126 ears): 72ncai01 
Other information: This is an early variety with blunt ear and pearl-type, yellow kernels. 
The variety produces many suckers and each stalk, in turn, produces several ears. When 
popped, the kernels produce small flakes without hulls. Tom Thumb is a name often applied 
to several different, small-eared types of popcorn (Eldredge and Lyerly, 1946). 
Argentine Pop 
Passport information: PI-217404. Race: Not race assigned. Provenance: Originally 
collected from Argentina. Donated: 05/04/1954 by USDA, ARS, NCRPIS (NC7), Iowa State 
University, Ames, Iowa. Improvement status: Cultivated material. 
Regeneration history: 54ncpoOl—>(5 plants): 64ncai01—>(138 plants. 580 ears): 76ncai01. 
' The objective of selling was for purifying the population because of suspicion of contamination. 
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Other information: It is a variety with a short stature, producing small eight-rowed ears and 
tiny kernels. If the conditions are favorable, Argentine Popcorn produces up to twelve ears 
per plant, with the uppermost ear borne at a node just below the tassel (Galinat. 1954). 
Argentine Popcorn was introduced into the United States from Argentina by Edgar Anderson 
some 50 years ago. This variety more closely resembles the earliest maize remains from the 
Tehuacân Valley, Mexico than any other race examined (Pipemo and Pearsall, 1993). 
Ladyfinger 
Passport information: PI-217407. Race: Not assigned. Provenance: Iowa, United States. 
Donated: 05/04/1954 by USDA, ARS, NCRPIS (NC7), Iowa State University, Ames, Iowa. 
Improvement status: Landrace. 
Regeneration history: 
54ncpo01—»(82 plants): 55ncai01—*(148 ears): 67ncai01—»(61 ears): 79ncai01 
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